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Abstract.— Fall, late-fall, spring, and winter-run Chinookimsan
(Oncorhynchus tshawytschaand Steelhead/Rainbow troutOfcorhynchus mykiss
spawn in the Sacramento River and tributaries itif@aia’s Central Valley upstream of
Red Bluff Diversion Dam (RBDD) throughout the y&ampling of juvenile anadromous
fish at RBDD allows for year-round quantitativedarction and passage estimates of all
runs of Chinook andD. mykiss. Incidental capture of Green SturgeoAcipenser
medirostris) and various Lamprey speciésafpetra spp. and Entosphenus tridentatus)
has occurred throughout juvenile Chinook monitorimgtivities since 1995. This
compendium report addresses, in detail, juvenil@drmomous fish monitoring activities
at RBDD for the period April 4, 2002 through Seften80, 2013.

Sampling was conducted along a transect using &fwot diameter
rotary-screw traps attached via aircraft cablesedity to RBDD. Trap efficiency (i.e., the
proportion of the juvenile salmonid population pasy RBDD captured by traps) was
modeled with percent of river discharge sampled)%o develop a simple least-squares
regression equation. Chinook afd mykiss passage were estimated by employing the
trap efficiency model. The ratio of fry to pre-shismolts passing RBDD was variable
among years. Therefore, juvenile passage was staliwkd to determine juvenile
production by estimating a fry-equivalent Juvefl@duction Index (JPI) for among-year
comparisons. Catch per unit volume (CPUV) was asexth index of relative abundance
for Green Sturgeon and Lamprey species. Abiotita dallected or calculated
throughout sample efforts included: water temperady flow, turbidity, and moon
illuminosity (fraction of moon illuminated). Thebiatic variables were analyzed to
determine if relationships existed throughout thdgration periods of the anadromous
species.

A trap efficiency model developed in 2000 to estienfish passage
demonstrated improved correlation between 2002 &l 3 with the addition of 85
mark-recapture trials. The modefl'squared value improved greatly with the addition
of numerous mark-recapture trials that used wilg &ize-class salmon over a variety of
river discharge levels. Total passage estimatdsding annual effort values with 90%
confidence intervals (Cl) are presented, by broedryfor each run of Chinook. Fry and
pre-smolt/smolt Chinook passage estimates with 9% are summarized annually by
run in Appendix 1. Comparisons of relative vasratvithin and between runs of
Chinook were performed by calculating Coefficieft¥ariation (CV). Fall Chinook
annual total passage estimates ranged between 682V and 27,736,868 juveniles for
brood years 2002-2012 (-1 = 14,774,923, CV = 46 2% pverage, fall Chinook passage
was composed of 74% fry and 26% pre-smolt/smodt-siass fish (SD = 10.3). Late-fall
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Chinook annual total passage estimates ranged betw&1,995 and 2,559,519 juveniles
for brood years 2002-2012 (<t = 447,711, CV = 159.9% average, late-fall Chinook
passage was composed of 38% fry and 62% pre-smmallisize-class fish (SD = 22.5).
Winter Chinook annual total passage estimates rangetween 848,976 and 8,363,106
juveniles for brood years 2002-2012 (-1 = 3,763,882= 73.2%). On average, winter
Chinook passage was composed of 80% fry and 20%npol/smolt size-class fish (SD =
11.2). Spring Chinook annual total passage eséisnfatr spring Chinook ranged
between 158,966 and 626,925 juveniles for broodry&$02-2012 (-1 = 364,508, CV =
45.0%). On average, spring Chinook passage wgsosewnhof 54% fry and 46% pre-
smolt/smolt size-class fish (SD = 20.0). Anndal frassage estimates f@. mykiss
ranged between 56,798 and 151,694 juveniles fogroddr years 2002-2012 (-1 =
116,272, CV = 25.7).

A significant relationship between the estimatedimber of adult
females and fry-equivalent fall Chinook productizstimates was detected{F 0.53, df
=10, P= 0.01). Recruits per female were calculated aamged from 89 to 1,515 (1=
749). Egg-to-fry survival estimates averaged 13f8fofall Chinook. A significant
relationship between estimated number of femalesdany-equivalent late-fall Chinook
production estimates was detected2(=t= 0.67, df = 10,P = 0.002). Recruits per female
were calculated and ranged from 47 to 243 (&t = 13Egg-to-fry survival estimates
averaged 2.8% for late-fall Chinook. A significeslationship between estimated
number of females and fry-equivalent winter Chinopkoduction estimates was
detected (f = 0.90, df = 10,P < 0.001). Recruits per female were calculated ranged
from 846 to 2,351 (<1 = 1,349). Egg-to-fry surveésdimates averaged 26.4% for winter
Chinook. No significant relationship between estied number of females and fry-
equivalent spring Chinook production estimates vézdected (f = 0.00, df = 10P =
0.971). Recruits per female were calculated anmyea from 1,112 to 8,592 (<t = 3,122).
Egg-to-fry survival estimates averaged 61.5% faingpChinook. Spring Chinook
juvenile to adult correlation values appear unreasble and well outside those found
for other runs and from other studies.

Catch of Green Sturgeon was highly variable, motvally distributed
and ranged between 0 and 3,701 per year (median93).1 Catch was primarily
composed of recently emerged, post-exogenous fegdarvae. The 10-year median
capture total length averaged 27.3 mm (SD = 0@jeen Sturgeon annual CPUV was
typically very low and ranged from 0.0 to 20.1 fashft (1 = 2.5 fish/ac-ft, SD = 5.9).
Data were positively skewed and median annual Cv&B/0.8 fish/ac-ft.

Lamprey species sampled included adult and jugedcific Lamprey
(Entosphenus tridentatysand to a much lesser extent River Lamptegnipetra ayregi
and Pacific Brook Lamprelyaimpetra pacifica). Unidentified lamprey ammocoetes and
Pacific Lamprey composed 99.8% of all captures, 848 75%, respectively. River
Lamprey and Pacific Brook Lamprey composed the iinp0.2%, combined. Lamprey
captures occurred throughout the year between Odaokand September. Lamprey
ammocoete annual relative abundance ranged from ®611.7 fish/ac-ft (1 = 6.8
fish/ac-ft, SD = 2.6). Overall, these data werenmally distributed as median annual
CPUV was 6.5 fish/ac-ft, similar to the mean valudeacific Lamprey macropthalmia
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annual relative abundance was generally higher tllammocoete relative abundance
and ranged from 2.1 to 112.8 fish/ac-ft (-1 = 4tighfac-ft, SD = 34.7). Overall, Pacific
Lamprey data was slightly positively skewed andiare@€PUV was 34.1 fish/ac-ft.

Tabular summaries of the abiotic conditions endewed during each
annual capture period were summarized for each mmsalmon, O. mykiss, Green
Sturgeon and Lamprey species. The range of tentypess experienced by Chinook fry
and pre-smolt/smolts in the last 11 years of passaj RBDD have been within the
optimal range of temperature tolerances for juven{Chinook survival. Green Sturgeon
have likely benefitted from temperature managemaesfforts aimed at winter Chinook
spawning and production, albeit less comprehengivdlamprey species have also likely
benefitted from temperature management as tempereds for early life stages of
Lamprey in the mainstem Sacramento River appeéiatee been, on average, optimal in
the last 11 years.

The relationship between river discharge, turbydibnd fish passage
are complex in the Upper Sacramento River whereanaand stream-type Chinook of
various size-classes (i.e., runs, life stages @®s)amigrate daily throughout the year.
Fish passage increases often coincided with areass in turbidity which were sampled
more effectively than increases in river dischargé\ positive bias of fish passage
estimates may result if the peak turbidity event svaampled following an un-sampled
peak flow event. The importance of the first stoement of the fall or winter period
cannot be overstated. Smolt passage and juvendenfdrey passage increase
exponentially and fry passage can be significamingufall storm events.

Rotary trap passage data indicated fry size-cladster Chinook
exhibit decreased nocturnal passage levels durimjaround the full moon phase in the
fall. Pre-smolt/smolt winter Chinook appeared lésBuenced by nighttime light levels
and much more influenced by changes in dischargelse Spring, fall and late-fall
Chinook fry exhibited varying degrees of decreagedsage during full moon periods,
albeit storms and related hydrologic influx domiedtpeak migration periods.
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Introduction

The United States Fish and Wildlife Service (UpR#¢onducted direct
monitoring of juvenile Chinook salmo@rfcorhynchus tshawytschaassage at Red
Bluff Diversion Dam (RBDD; RM 243) on the Sacranftimér, CA since 1994 (Johnson
and Martin 1997). Martin et al. (2001) developeashqtitative methodologies for
indexing juvenile Chinook passage using rotarywstraps to assess the impacts of the
RBDD Research Pumping Plant. Absolute abundarahu@tion and passage)
estimates were needed to determine the level of mspfrom the entrainment of
salmonids and other fish community populations thgh experimental ‘fish friendly’
Archimedes and internal helical pumps (Borthwicld &orwin 2001). The original
project objectives were met by 2000 and fundindha project was discontinued.

In 2001, funding was secured through a CALFED&#&yProgram grant for three
years of annual monitoring operations to determithe effects of restoration activities
in the Upper Sacramento River aimed primarily atteri Chinook salmon. Through
various amendments, extensions, and grant approbglthe CALFED Ecosystem
Restoration Program, the State of California basexdling source lasted until 2008. At
this point, the State of California defaulted orethfunding agreement and internal
USFWS funding sources through the Central Vallggdimprovement Act (CVPIA)
bridged the gap for a period of time until Statefling was restored. The US Bureau of
Reclamation, the primary proponent of the Centrallgy Project (CVP) of which this
project provides monitoring and abundance trencoimfiation, has funded this project
since 2010 due to regulatory requirements contaimgthin the Biological Opinion for
the Operations and Criteria Plan for the CVP (NRAES).

Protection, restoration, and enhancement of anadiaus fish populations in the
Sacramento River and its tributaries is an impaorelement of the CVPIA Section 3402.
The CVPIA has a specific goal to double populatibasadromous fishes in the Central
Valley of California. Juvenile salmonid productimnitoring is an important
component authorized under Section 3406 (b)(163¥PIA and has funded many
anadromous fish restoration actions which were st in the CVPIA Anadromous
Fisheries Restoration Program (AFRP) Working Ra&WVS 1995), and Draft
Restoration Plan (USFWS 1997; finalized in 2001).

! The National Marine Fisheries Service first lidtéidter-run Chinook salmon as threatened under thmergency listing
procedures for the ESA (16 U.S.C.R. 1531-1543ugnsA4, 1989 (54 FR 32085). A proposed rule tbveidter Chinook salmon to
the list of threatened species beyond expirationtbé emergency rule was published by the NMFS omddl20, 1990 (55 FR
10260). Winter Chinook salmon were formally addedhe list of federally threatened species by fimale on November 5, 1990
(55 FR 46515), and they were listed as a fedeesitjangered species on January 4, 1994 (59 FR 42Xjcal habitat for winter
Chinook salmon has been designated from Keswick [¥&luh 302) to the Golden Gate Bridge (58 FR 332t 36, 1993). Winter
Chinook salmon have been listed as endangered utideiCESA since September 22, 1989 (California 6fd@egulations, Title XIV,
Section 670.5). Their federal endangered status veasfirmed in June 2005 (70 FR 37160).



Since 2002, the USFWS rotary trap winter Chinmadniile production indices
(JPI's) have primarily been used in support of patidn estimates generated from
carcass survey derived adult escapement data usi@dNational Oceanic and
Atmospheric Administration’s (NOAA) Juvenile PrtidadEstimate Model. Martin et al.
(2001) stated that RBDD was an ideal location taitoo juvenile winter Chinook
production because (1) the spawning grounds octmosat exclusively above RBDD
(Vogel and Marine 1991; Snider et al. 1997, USFW$)2(2) multiple traps could be
attached to the dam and sample simultaneously asm@$ransect, and (3) operation of
the dam could control channel morphology and hydgital characteristics of the
sampling area providing for consistent samplingditbons for purposes of measuring
juvenile fish passage.

Fall, late-fall, spring, and winter-run Chinookrszn and Steelhead/Rainbow Trout
(Oncorhynchus mykisspawn in the Sacramento River and tributariestrgasn of
RBDD throughout the year resulting in year-roungejule salmonid passage (Moyle
2002). Sampling of juvenile anadromous fish atRBIbws for year-round quantitative
production and passage estimates of all runs oh@tik and Steelhead/Rainbow trout.
Timing and abundance data have been provided ihktieee for fishery and water
operations management purposes of the CVP sincd20Bince 2009, confidence
intervals, indicating uncertainty in weekly passagémates, have been included in
real-time bi-weekly reports to allow better managent of available water resources
and to reduce impact of CVP operations on both falEndangered Species Act (ESA)
listed and non-listed salmonid stocks. Currerigcramento River winter Chinook are
ESA listed as endangered. Central Valley sprimp&@bhand Central Valley Steelhead
(hereafterO. mykissare listed as threatened within the Central Vallaydangered
Species Unit.

Incidental capture of Green Sturgedkci{penser medirostiisand various Lamprey
species (Lampetra spp. and Entosphenus $@$ occurred throughout juvenile Chinook
monitoring activities at RBDD since 1995 (Gaineshdartin 2002). Although rotary
traps were designed to capture outmigrating salntbsimolts, data from the incidental
capture of sturgeon and lamprey species has becomeeasingly relied upon for basic
life-history information and as a measure of relatBbundance and species trend data.
The Southern distinct population segment of the thokmerican Green Sturgeon was
proposed for listing as threatened under the Fed&r8A on April 7, 2006 (FR 17757)
which then took effect June 6, 2006. Pacific LapgEntosphenus tridentatysre
thought to be extirpated from at least 55% of thaistorical habitat and have been
recognized by the USFWS as a species needing aetoemgive plan to conserve and
restore these fish (Goodman and Reid 2012).

The objectives of this compendium report are to} $gimmarize the estimated
abundance of all four runs of Chinook salmon @ndhykiss passing RBDD for brood

2 Real-time biweekly reports located for download bttp://www.fws.gov/redbluff/rbdd biweekly final.htm
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years (BY) 2002 through 2012, (2) estimate anrelative abundance of Green
Sturgeon and Lamprey species production for eles@arsecutive years, (3) define
temporal patterns of abundance for all anadromopsaies passing RBDD, (4) correlate
juvenile salmon production with adult salmon escageat estimates, (5) perform
exploratory data analyses of potential environmdrdavariates driving juvenile fish
migration trends, and (6) describe various lifetdrig attributes of anadromous juvenile
fish produced in the Upper Sacramento River as meitged through long-term
monitoring efforts at RBDD.

This compendium report addresses, in detail, owepile anadromous fish
monitoring activities at RBDD for the period AgriR002 through September 30, 2013.
This report includes JPI's and relative abundarstienates for the 2002-2012 brood
year emigration periods and will be submitted tet@alifornia Department of Fish and
Wildlife to comply with contractual reporting reqaiments for Ecosystem Restoration
Program Grant Agreement Number P0685507 and td48eBureau of Reclamation who
funded in part or in full the surveys from yeard)8dhrough 2013 (Interagency
Agreement No. R10PG20172).

Study Area

The Sacramento River originates in Northern Caligonear Mt. Shasta from the
springs of Mt. Eddy (Hallock et al. 1961). It B@@uth through 370 miles of the state
draining numerous slopes of the coast, Klamathc€@ads, and Sierra Nevada ranges and
eventually reaches the Pacific Ocean via San E@nBay (Figure 1). Shasta Dam and
its associated downstream flow regulating structufeswick Dam, have formed a
complete barrier to upstream anadromous fish passsigice 1943 (Moffett 1949). The
59-river mile (RM) reach between Keswick Dam (R®) @8d RBDD (RM 243) supports
areas of intact riparian vegetation and largely ens unobstructed. Within this reach,
several major tributaries to the Sacramento upstreaf RBDD support various Chinook
salmon spawning populations. These include ClesekCand Cottonwood Creek
(including Beegum Creek) on the west side of thea&aento River and Cow, Bear,
Battle and Payne’s Creek on the east side (Figuré&élow RBDD, the river encounters
greater anthropogenic impacts as it flows southtie Sacramento-San Joaquin Delta.
Impacts include, but are not limited to, channetiaa, water diversion, agricultural and
municipal run-off, and loss of associated ripanegetation.

RBDD is located approximately 1.8 miles southefteocity of Red Bluff,
California (Figure 1). The dam is 740-feet (flendand composed of eleven, 60-ft wide
fixed-wheel gates. Between gates are concretesp@eft in width. The USBR’s dam
operators were able to raise the RBDD gates allgwan run-of-the-river conditions or
lower them to impound and divert river flows intbé Tehama-Colusa and Corning
canals. USBR operators generally raised the RB{8B fpom September 16 through
May 14 and lowered them May 15 through Septembeddifing the years 2002-2008.
As of the spring of 2009, the RBDD gates were mgelolowered prior to June 15 and



were raised by the end of August or earlier (NMBB} in an effort to reduce the
impact to spring Chinook salmon and Green Sturgedince the fall of 2011, the RBDD
gates have been left in the raised position allagvimobstructed upstream and
downstream passage of adult and juvenile anadronftals The RBDD has been
replaced by a permanent pumping plant upstreamhef RBDD and the facilities have
been relinquished to the Tehama Colusa Canal Aiithas of spring 2012. Mothballing
of the RBDD infrastructure was scheduled to ocel(14.

Methods

Sampling Gear—Sampling was conducted along a transect using8eft
diameter rotary-screw traps (E.G. Solutions® Clisy&lregon) attached via aircraft
cables directly to RBDD. The horizontal placeréndtary traps across the transect
varied throughout the study but generally sampladhe river-margin (east and west
river-margins) and mid-channel habitats simultanglgyFigure 2). Rotary traps were
positioned within thesespatial zones unless sampling equipment failed, river depths
were insufficient (< 4-ft), or river hydrology rested our ability to sample with all traps
(water velocity < 2.0 ft/s).

Sampling Regimes-In general, rotary traps sampled continuouslytighout 24-
hour periods and samples were processed once dallyring periods of high fish
abundance, elevated river flows, or heavy debr&lky traps were sampled multiple
times per day, continuously, or at randomly prees¢éd periods to reduce incidental
mortality. When abundance of Chinook was very hiib-sampling protocols were
implemented to reduce listed species take and ianidl mortality in accordance with
National Marine Fisheries Service (NMFS) Secti@a)(11Q(A) research permit terms and
conditions. The specific sub-sampling protocollenented was contingent upon the
number of Chinook captured or the probability otsassfully sampling various river
conditions. Initially, rotary trap cones were stturally modified to only sample one-
half of the normal volume of water entering the @s(Gaines and Poytress 2004). If
further reductions in capture were needed, the nuentof traps sampled was reduced
from four to three. During storm events and assbedl elevated river discharge levels,
each 24-hour sampling period was divided into fousix non-overlapping strata and
one or two strata was randomly selected for samgl{Martin et al 2001). Estimates
were extrapolated to un-sampled strata by dividoajch by the strata-selection
probability (i.e.,P =0.25 or 0.17). If further reductions in effarére needed or river
conditions were intolerable, sampling was discoaéd or not conducted. When days
or weeks were unable to be sampled, mean daily age®stimates were imputed for
missed days based on weekly or monthly mean dailiyrates (i.e., interpolated).
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Daily Passage EstimateB(;).—The following procedures and formulae were used

to derive daily and weekly estimates of total numbef unmarked Chinook arfd.
mykiss passing RBDD. We defin@glas catch at trap(i = 1,..t) on dayd (d = 1,...,n),



andXg as volume sampled at tragi = 1,.1) on dayd (d = 1,...n). Daily salmonid catch
and water volume sampled were expressed as:

1 c,= C,
i=1

and,

2 X, = Xy

The%Q was estimated from the ratio of water volume saexbl(Xy) to river discharge
(Qq) on dayd.

A X
3. %0, =—<
‘0,

Total salmonid passage was estimated ondi&y=1,...,n) by

4, P, = <
Td
where,
5. T, =(a)(%0,)+b
and, T, = estimated trap efficiency on day

Weekly Passagg” ).—opulaS on totals for numbers of Chinook 8nchykiss
passing RBDD each week were derived f@nwhere there areN days within the
week:

E n

n g=

6. P= P,

Estimated Variance-

N? N " « " A n
252 + 5 var(B)+2  Cow(P,P)
N n no - i*j

The first term in eq. 7 is associated with sampbifigays within the week.

7. Var(P) = (1-



The second term in eq. 7 is associated with estingaP, within the day.

A

. P,(A-T . P,(0-T)+P°T
9. Var(Pd)zid(A d)+Var(Td) a {)3 d_d
Td d
where,
10. Var(fd) = error variance of the trap efficiency model

The third term in eq. 7 is associated with estimgtboth BA and P;with the same trap
efficiency model.

A

. Cov(T, f’j )lsllaj

11. Cov(P,P,) = —
i1,
where,
12. Cov(fi,fj) = Var(<) + x,Cov(¥ % ) + x;Cov(¥, *) + xl.ijar(ﬂ:)

for some7, = ¥ + *x,

Confidence intervals (Cl) were constructed arouhdsing eq. 13.

13. Pxt, 5,4 Var(P)

Annual JI's were estimated by summingacross weeks.

52
14. JPI = P

week =1

Fry-Equivalent Chinook Production Estimatekhe ratio of Chinook fry (<46 mm
FL) to pre-smolt/smolts (>45 mm FL) passing RBi3Dvariable among years.
Therefore, we standardized juvenile production Isjimating a fry-equivalent JI for
among-year comparisons. Fry-equivalent JI's westimated by the summation of fry
JI and a weighted (1.7:1) pre-smolt/smolt JI (inverse value of 59% fry-to-
presmolt/smolt survival; Hallock undated). Rottmp JI's could then be directly
compared to determine variability in production meten years.



Relative Abundance.Catch per unit volume (CUV; Gaines and Martin 2D@&s
used as an index of relative abundance (RA) foes&urgeon and Lamprey species at
RBDD.

15 RA,, = 2
' dr th
RA; = relative abundance on dayby trapt (catch/acre-foot),
Cy = number of fish captured on dalby trapt, and
Vg = volume of water sampled on deyby trapt.

The volume of water sampledYwas estimated for each trap as the product of ene
half the cross sectional area (wetted portion) b&étcone, water velocity (ft/s) directly in
front of the cone at a depth of 2-feet, cone moddi (multiplied by 0.5) or not
(multiplied by 1.0), and duration of sampling.

Exploratory Data AnalysesThe sampling of four runs of ChinoBkmykiss,
Green Sturgeon, and Lamprey occurred over 11 y&aisa variety of environmental
conditions. Abiotic data collected or calculatédaughout sample efforts included
water temperature, flow, turbidity, and moon illumdsity (fraction of moon
illuminated). The abiotic factors were analyzedi&iermine if patterns or trends
existed throughout the migration periods of the i@rs species. Additional statistical
analyses were performed, when applicable, and add#l methods are noted within
the results section for species-specific data tremdalyzed.

Results

Sampling Effort—=Annual sampling effort varied throughout the 1day period of
reporting. The reasons for less than 100% effarted by time of year and run sampled
due to numerous factors. These factors can be gatized as either intentional or
unintentional decreases in effort. Intentional deases in effort were primarily due to
ESA Section 10(a)1(A) take and incidental morttitiys, the desire to decrease
potential impacts to ESA listed fish or hatchengased production groups, or when
staffing levels were not appropriate for the coridits encountered. Unintentional
decreases in effort were due primarily to stormiaityy and related debris flows or
conditions considered too dangerous to sample. iAaidally, during the years RBDD
was in operation (2002-2011), many days were naigad due to operational
requirements imposed by USBR operators (e.g., lmgesr raising of the dam gates).

Annual sample effort was assigned a value of ag€etl on sampling four traps 365
days a year. Annual sample effort values by salthspecies and run are described in
Table 1. Overall, annual sample effort for albrealids combined ranged from 0.53 to



0.91 (-1=0.80, SD = 0.10) following annual jusesgiimonid brood year cycles. The
lowest values corresponded to the year 2002 whemgsling did not begin until mid-
April of the year. The highest value corresponttethe year 2007 when flow events
were mild, staffing levels were optimal, and permastrictions did not dictate major
sampling effort reductions (Table 1).

Mark-Recapture Trials-Trap efficiency estimates were calculated by ecmtitg
mark-recapture trials (Volkhardt et al. 2007) usimgnarked salmon collected from
daily trap samples. Trials were conducted whep tratch values allowed the release of
1,000 fish per trial, generally, as well as wheaffstg and river conditions would allow.
Mark-recapture trials were also employed to valigakily trap efficiency estimates by
comparing actual with predicted (modeled) estimatélshis was especially important
during peak salmon outmigration periods.

The number of trials conducted each calendar yaaged from 0 in 2010 to 21 in
2004 (Y = 7.7) and totaled 85 trials between 2088 2013 (Table 2). Trials were
conducted with four rotary traps (N =74) or three traps (N =11). Some trials were
conducted with cones modified to sample half théwoe of water (N =25) or mixed (N
= 1), but primarily unmodified and sampling full effN =59). Trap efficiencies were
tested with the RBDD gates rais@&tl£72) and lowered (N = 13) during the years when
RBDD was in operation (Table 2).

Trials were conducted through a variety of flowddrap effort conditions
representing actual sampling conditions detecterbtighout various fish migration
periods (Table 2). Estimates of the percentagevefr water volume sampled by traps
(%Q) ranged from 0.72 to 6.87% (1 = 3.10, SD = 1 Bfficiency estimates for the 85
trials ranged from 0.34 to 5.48% (-1 = 2.37%, SDH.0

Released fish groups ranged from 340 to 5,14%iddals (-1 = 1,598) and
recaptured fish numbers ranged from 7 to 119 (“b¥&er trial. Trials were conducted
predominantly with fry size-class (<46 mm fork fngnaturally produced fall Chinook
(67%) and to a lesser extent winter Chinook (22Vials were conducted in some years
using unmarked pre-smolt/smolts (11%) following @aainColeman National Fish
Hatchery Fall Chinook production releasesring spring, as conditions and staffing
levels allowed (Table 2).

Average fork lengths of release groups in thesfzg-class had fork lengths ranging
from 35.5 to 57.1 mm (<t = 37.2 mm). Recaptured fengths ranged from 34.6 to 62.4
mm (<1 = 37.3 mm). Average fork lengths of fiseaséd in the pre-smolt/smolt size-
class ranged from 68.7 to 81.2 mm (-t = 75.3 mneaBtured fork lengths ranged from
61.3 to 80.2 mm (¢t = 75.3 mm; Table 2). A paifsstwas performed on the average

® Coleman National Fish Hatchery is located upstreffRBDD on Battle Creek a tributary to the Sacnaime Fall Chinook
production fish (~12 million per year) were adipadipped (i.e., marked) in varying proportions o¥ee years of study between 0
and 25%. Unmarked fish were included in some iefficy trials as they could not be distinguishednfraaturally produced fish.
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release and recaptured fish lengths for all treatgl indicated no significant difference
between the released and recaptured fish siZes(0.759, df = 83, t = -0.308

Trap Efficiency Modeling-Between 1998 and 2000, Martin et al. (2001)
developed a trap efficiency model for the RBDD mpteapping operation by conducting
58 mark-recapture trials (one trial excluded duezéyo efficiency value). These data
were used as the basis of the trap efficiency mddetalculate daily passage estimates.
The model was further developed between 2002 andi®@ith the addition of 85 mark-
recapture trials. Trap efficiency was positivadyrelated to (%Q), with higher
efficiencies occurring as the relative percentageischarge volume sampled by rotary
traps increased. Trap efficiency was inverselgted to river dischargeQ)), as river
discharge increased, trap efficiency decreased.

As mark-recapture trials were conducted, the tefficiency model was typically
updated one time each year. The newest model wgdiad on July 1 of each year, the
beginning of the annual winter Chinook juvenileduto/ear period. Between 2002 and
2013 nine different models were utilized. The dpedates and model parameters with
P-values used throughout the reporting period asgdid chronologically below the
groups of mark-recapture trials incorporated inteetmodels in Table 2. The net result
over the 11-year period was stabilization and immment of the trap efficiency model
with the addition of 85 mark-recapture trials. véall, theP-values indicated a high
level of significance for the paramet®&Q in all years (P< 0.001). The model’s-squared
value dropped in the first few years and then imped greatly with the addition of
numerous naturally produced fry size-class marlapdare trials over a variety of river
discharge levels (Table 2; Figure 3).

Over the 11 years’ data was collected a wide ravfd®Q values were sampled
(0.44 to 6.86%, <t = 2.90, SD = 0.01). On 10 ocsasixtremely lowoQ values (<0.72%)
were sampled outside of the range of values testedugh efficiency trials (Figure 3).
The net result was that trap efficiency values werdrapolated outside the range of the
model on a mere 10 of 3,315 days sampled (0.3%).

Chinook Capture Fork Length Analysé3hinook run assignment based on length-
at-date (LAD) criteria was originally developeadrfrgrowth data in the Upper
Sacramento River at the Tehama Colusa Fish Fasiitg fall Chinook production
records from 1972 through 1981 (Fisher 1992). #timeate of apparent growth rate
was originally developed from fall Chinook < 90 Flmras fish migrated or were
depleted from the spawning channels by this sizgh@@r 1992). Johnson et al. (1992)
further developed (extrapolated) the data to pretlian for fish 290 mm and <250 mm
FL. The data was further refined by Frank Fish&reoCalifornia Department of Fish
and Game, whereby estimated growth curves were picat! for all runs based on adult
timing, water temperatures, and juvenile emergeniteing and growth (Brown and
Greene 1992). The growth curves were fitted tablé of daily growth increments (i.e.,
fork length at age in days) by the California Dé&peant of Water Resources in the early
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1990’s (Brown and Greene 1992; Greene 1992). dllmnving fork length data
encompassed fish sampled by rotary traps usingdAP tables up to 180 mm FL, as fish
were rarely captured above this length (i.e., exteoutliers).

Fall Chinook sampled from brood years 2002-2012weavily weighted to the
fry size-class category (<46mm). On average, 76f&bfish sampled as fall could be
described as fry (SD = 6.9) with 71.0% of the &psuaring less than 40 mm FL (Figure
4a). The remaining 24.3% (SD = 6.9) were attribtdehe pre-smolt/smolt category
(>45 mm) with fish between 70 and 89 mm composih@% of that value. Overall, fall
Chinook were sampled between 30 and 134 mm annualti trivial numbers below or
above this range (Figure 4b). Fall Chinook shdittexlgrowth, on average, between
December and March, followed by a significant iaseein length in April, followed by
more moderate and variable growth through Novem(feéigure 4c). The growth pattern
exhibited by fall Chinook appears strongly influsshby the duration of the fall Chinook
spawning period and the LAD criteria. Beginnind\pril 1, newly emerged fry were
classified as late-fall Chinook instead of falhGbk thereby significantly increasing the
median fork length of fall Chinook during the fitaio weeks of April.

Late-fall Chinook sampled from brood years 2002220ere not heavily weighted
to the fry size-class category (<46mm). On averagd% of all fish sampled as late-fall
could be described as fry (SD = 12.8) with 96.3%eofry measuring less than 40 mm FL
(Figure 5a). The remaining 75.1% (SD = 12.8)ateiieuted to the pre-smolt/smolt
category (>45 mm) with fish between 70 and 89 mmnposing 48.3% of that value.
Overall, late-fall Chinook were sampled betweera28 180 mm annually (Figure 5b).
Late-fall Chinook showed little growth, on averagetween April and May, followed by
a significant increase in length in June and Jalipwed by more moderate and variable
growth between late-September and February (Fidaoe The growth pattern
exhibited by late-fall Chinook appears modestljuieficed by the LAD criteria.
Beginning on July 1, newly emerged fry were cliessés winter Chinook instead of late-
fall Chinook slightly increasing the median forigtih of late-fall Chinook during the first
few weeks of July. In mid-September and to a lesgéent in late-December, the
overall fork length distribution for late-fall Cliak increases from one week to the next
and was likely a result of decreased sampling effae to RBDD gate operations and
initial winter storms.

Winter Chinook sampled from brood years 2002-20¢2e heavily weighted to
the fry size-class category (<46mm). On averag®% of all fish sampled as winter
could be described as fry (SD = 8.8) with 92.8feofry measuring less than 40 mm FL
(Figure 6a). The remaining 22.1% (SD = 8.8) weiteuéed to the pre-smolt/smolt
category (>45 mm) with fish between 46 and 69 mmposing 85.3% of that value.
Overall, winter Chinook were sampled between 27 468 mm annually (Figure 6b).
Winter Chinook showed little growth, on averagetvbeen July and October, followed
by a significant increase in length in mid-Octolfetpwed by more moderate growth
through December. The growth pattern was then lyghariable between January and
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April (Figure 6¢). The growth pattern exhibitgaviinter Chinook appears moderately
influenced by the LAD criteria. Beginning on Oetots, newly emerged fry were
classified as spring Chinook instead of winter @krthereby significantly increasing
the median fork length of winter Chinook during tlast two weeks of October.

Spring Chinook sampled from brood years 2002-204r2 slightly weighted to the
fry size-class category (<46mm). On average, 58f@fbfish sampled as spring could
be described as fry (SD = 19.6) with 90.0% ofrthenasuring less than 40 mm FL
(Figure 7a). The remaining 41.4% (SD = 19.6)atkileuted to the pre-smolt/smolt
category (>45 mm) with fish between 70 and 89 mmnposing 69.2% of that value.
Overall, spring Chinook were sampled between 28 Bti&imm annually (Figure 7b).
Spring Chinook showed moderate growth, on averbgbyeen October and mid-
December, followed by more consistent increasingngh through May (Figure 7c¢).
Spring Chinook disappear from the catch typicajiyine with sporadic capture of large
smolts in July of some years. The growth pattedileited by spring Chinook appears
moderately influenced by the LAD criteria. Begigron December 1, newly emerged
fry were classified as fall Chinook instead ofrgpfChinook likely resulting in positive
size-class bias for spring Chinook.

O. mykiss Capture Size Analysédsollowing the conventions used by Gaines and
Martin (2002) size categorization fOor mykiss followed a slightly different pattern than
Chinook and was organized by fork length as fry {x#n), sub-yearling (41-138 mm),
and yearling (>138 mm). Moyle (2002) describeadaento RiverO. mykiss
populations as highly variable, but typically reagh140-150 mm FL in their first year.
The focus of our data reporting is age-0 and theu®of our size-class analyses was
primarily < 139mm and secondarily < 200 mm for teageight analyses.

0. mykiss sampled from calendar years 2002-2012 were heaxlighted towards
the 41-80 mm size-class (79.2%; Figure 8a) whitmfe the sub-yearling category
(Figure 8b). On average, a modest 8.2% could tegodzed as fry (Table 3). Overall,
0. mykiss yearling and estimated age-2 fish were annualipsed at rates of 2.4% and
0.6%, respectively (Table 3). There was littléatian detected within any size-class
between categories, yet variance in weekly captuwas high throughout the year
(Figure 8c). The variable life-history strate@ie@. mykiss resident and anadromous
forms was evident from our size-class capture ddtageneral, newly emerged fry
occurred in early-April and increased in size tdyeduly. Thereafter, a second cohort of
either resident trout or summer steelhe&as sampled which demonstrated a
secondary growth pattern through December (Figucg 8

O. mykiss CAMP Program Life-Stage Comparisdhsnykiss capture patterns
appeared to be different than that of Chinook salmas relatively fevd. mykiss were
captured as fry (-1 = 8.3%) and the majority wemapked as sub-yearlings (-1 = 88.7%;

® Summer steelhead are believed to be extirpatedsithe construction of dams blocked access to heatdwhabitat (Moyle 2002).
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Table 3; Figure 8b). Fry capture was highest @22hd 2006 (11.2% and 17.5%)
although these years sampled the first and thirddet O. mykiss of the 11 years,
respectively. Yearling and age-2 capture was galydow averaging only 3.0%.

Life stage classification of fry was uniform thgbout all years (-1 = 6.8%, SD =
2.6%) and did not vary greatly in 2002 and 200&imirast to age classification. arr
and silvery-parr accounted for 91.5% of bemykiss handled at RBDD although there
was a large difference between the two categorié$,0% and 17.5% respectively.
Annual variability in parr and silvery-parr classiions (SD = 15.5 and 16.8) seemed to
change after 2005 and was likely due to a protatwnge or interpretation of
morphological characteristics by field staff. Jiles showing signs of anadromy (i.e.,
smolts) made up only 1.6% of individuals sampled.

O. mykiss Weight-Length Analysid.0g,q transformedO. mykiss weight-length
data showed a strong overall relationship betweka two variables f= 0.942, Table
4). The annual slope coefficients for the 11-yeeniod varied slightly, ranging from
2.858 to 3.052. The variability in growth was oohsidered significant as the 95% CI
annual slope coefficients encompassed the slopdfiment of the overall mean (Table
4). Typical of most weight-length models (ope akause 2007), the variability about
the regression increased with the overall lengthred fish (Figure 9).

Salmonid Passage-assage estimates for the four runs of Chinooknee
calculated weekly as fry and pre-smolt/smolt passaghe sum of the weekly fry and
pre-smolt/smolt passage values equal the wedgtnl passage values. Confidence
intervals (Cl) were calculated at the 90% leveblbruns for weekly passage estimates.
Weekly Cl values were summed to obtain the annilial&ound the annual passage
estimate (i.e., summed weekly passage estimatbiEgative Cl values were set to zero
and result in some years Cl’'s being asymmetricalratt the annual passage estimate.
Annual passage estimates (i.e., total passage es&tis), by brood year, with CI's and
annual effort values are presented for Chinook witfiables 5a-5d and graphically in
Figures 10, 12, 14, and 16. Fry and pre-smolt/s@binook passage estimates with
90% CI’'s summarized annually by run can be foudgppendix 1 (Tables A1-A8).
Comparisons of relative variation within and betweaens of Chinook were performed
by calculating Coefficients of Variation (Sokal Rathlf 1995) of passage estimates.

Fall Chinook annual passage estimates ranged lt\®e527,261 and 27,736,868
juveniles for brood years 2002-2012 (<1 = 14,774,828= 46.2%; Table 5a). On average,
fall Chinook passage was composed of 74% fry abd#€-smolt/smolt size-class fish
(SD =10.3). roportions as low as 56% and as ligl87% fry were detected (Table 5a).
Annual effort values resulted in interpolationsbetween 9 and 60% of annual passage
estimates (°t = 28%). In general, the effect ofumireffort on Cl width indicated greater
spread of CI's with decreasing effort (Figure 10).
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On average, weekly fall passage equated to 5%taf &nnual fall Chinook passage
between mid-January and early March (Figure 1Végekly passage varied
considerably during this period with some weekssgage totals accounting for >25% of
annual passage values. Between BY 2002 and 28%2p¥average annual passage
occurred by the end of March, signifying Januarptigh March as the greatest period
of migration. A second, albeit much diminished,deof passage occurred between
late April and May of each year due to the releafenmarked fall Chinook production
fish from Coleman National Fish Hatchery. Thestedould not be distinguished from
wild fish due to fractional marking processes thatied over the 11-year period from 0O
to 25%. Overall, fall passage was complete betid of July each year with sporadic
small pulses of smolts through November (Figure).11b

Late-fall Chinook annual passage estimates rangéslden 91,995 and 2,559,519
juveniles for brood years 2002-2012 (-1 = 447,7¥1=C159.9%; Table 5b). On average,
late-fall Chinook passage was composed of 38%nfhy62% pre-smolt/smolt size-class
fish (SD = 22.5). roportions as low as 11% andhigé as 72% fry were detected (Table
5b). Annual effort values resulted in interpolatgoof between 9 and 56% of annual
passage estimates (1 = 31%). The effect of areftat on Cl width indicated greater
spread of CI's with decreasing effort due to haighiish releases, in general (Figure 12).

On average, weekly late-fall passage started aywmd held at <5% of total
annual passage between April and May (Figure 18&ekly passage varied
considerably during this period with some weeksSgage totals accounting for >35% of
annual passage values. A second, similar magnitabie of passage occurred between
July and August in most years. A third, albeitidismed, mode occurred during
October and November with passage accounting fotoup5% of the annual run in
some years. Between BY 2002 and 2012, 75% ofgevaramual passage occurred by
mid-September, signifying April through Septembettee greatest period of migration.
Overall, late-fall passage was complete by the efildecember each year with sporadic
small pulses of smolts through February (Figure).13b

Winter Chinook annual passage estimates ranged éetw848,976 and 8,363,106
juveniles for brood years 2002-2012 (<t = 3,763,862= 73.2%; Table 5c). On average,
winter Chinook passage was composed of 80% fry28f pre-smolt/smolt size-class
fish (SD = 11.2). roportions as low as 53% andhigé as 90% fry were detected (Table
5c). Annual effort values resulted in interpolatsoof between 8 and 42% of annual
passage estimates (1 = 18%). The effect of areftat on Cl width indicated greater
spread of CI's with decreasing effort due to subpling measures during peak
migration periods (i.e., take or impact reductioim),general (Figure 14).

On average, weekly winter passage increased dendlis through September to a
peak into early October. Weekly passage variesicemably during August through
December with some weeks’ passage totals accouriting20% of annual passage
values. Between BY 2002 and 2012, 75% of averageabpassage occurred by mid-

15



October. Weekly passage between October and Deeerinidicated wide variability
over the 11-year period, yet the trend showed stgatbcreases followed by a second
increase or mode of winter passage in November@adember (Figure 15a).

Overall, winter passage was 99% complete by theadridecember each year with
sporadic pulses of smolts through March that cdmited minimally to the annual total
winter passage estimate (Figure 15b).

Spring Chinook annual passage estimates rangeddestw58,966 and 626,925
juveniles for brood years 2002-2012 (- = 364,588=%5.0%; Table 5d). On average,
spring Chinook passage was composed of 54% fr¢@dpre-smolt/smolt size-class
fish (SD = 20.0). roportions as low as 24% andhigé as 91% fry were detected (Table
5d). Annual effort values resulted in interpolatgoof between 1 and 49% of annual
passage estimates (-1 = 29%). The effect of areftat on Cl width indicated a slightly
greater spread of Cl's with decreasing effort daestibsampling during winter storm
events, in general (Figure 16).

On average, weekly spring passage started abrapitiyheld at roughly 5% of total
annual passage between mid-October and mid-Noven(Bigiure 17a). Weekly passage
varied somewhat during this period with some wegkassage totals accounting for up
to 20% of annual passage values. A second, irmleasgnitude mode of passage
occurred during December in most years with a singtek accounting for nearly 50%
of the annual passage estimate. Between BY 20628n2, 75% of average annual
passage occurred by mid-April, signifying Octobesugh April as the greatest period of
migration. A third mode of similar magnitude toetsecond mode occurred during April
and May with passage accounting for up to 45% efdhnual run in some years. This
could be characterized as an erroneous increaspiimg passage. Unmarked fall
production fish exceeded the size-class for fatl and therefore fell within the spring
run category using LAD criteria. Between 2007202, on average, 4.3% of the
marked fall production fish fell within the sprimgn size-class using LAD criteria.
Assumedly, a similar proportion of the unmarkedhfigere added into the spring-run
passage estimates as they could not be distinguighem naturally produced fish.
Overall, spring Chinook passage was complete beideof May each year (Figure 17b).

0. mykiss passage estimates were generated using trap effy estimates
calculated using the Chinook-based trap efficiemoglel. Caution should be exercised
when interpreting the following results as Chinaoid O. mykiss trap efficiency values
likely differ, perhaps greatly. Irrespective oétaccuracy of the magnitude of passage
estimates based on Chinook efficiency trials, flemdls in abundance remain plausible
due to the standardization of effort and catch. Il#e Chinook,O. mykiss were not
attributed to a fry or pre-smolt/smolt category armmhssage estimates with 90% CI’s
were calculated that included all size-classesldadstages combined.

Annual passage estimates formykiss ranged between 56,798 and 151,694
juveniles for calendar years 2002-2012 (-1 = 1162%2= 25.7%; Table 5e). Annual
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effort values resulted in interpolations of betwedrand 56% of annual passage
estimates (°t = 22%). The effect of annual effor3 width indicated a slightly greater
spread of CI's with decreasing effort, in geneFaggre 18).

On average, weeklyO. mykiss passage was low (<5% on average) from April
through July of each year with some variability.11 years of sampling only once did
passage exceed 10% of annual passage during thesthsn Weekly passage between
July and August increased to peak values rangang §% to nearly 25% (Figure 19a).
Between 2002 and 2012, 75% of average annual passagirred by mid-August.
Weekly passage generally declined between SepteraberOctober. Overall,0. mykiss
passage was negligible between December and thewolg February each year (Figure
19b).

Fry-Equivalen€hinook Production EstimatesJuvenile Chinook passage values
were standardized téry-equivalentproduction estimates for within- and between-year
comparisons. As noted above, the various runs veamapled with oftentimes
considerable variability in fry to pre-smolt/smeodtios over the 11-year sample period
(Table 5a-5d). By multiplying 1.7 to all fish skrdpn the pre-smolt/smolt category
(>45mm) within each run, annual Chinook productidove the RBDD transect could be
estimated. These standardized production estimatesld then be compared to adult
escapement estimates calculated from the Califokéntral Valley Chinook opulation
Report (Azat 2013) or carcass survey data in tise od winter Chinook (USFWS 2006-
2011 and 2013). Moreover, by comparing productmithe number of adult Chinook
females each year (by run) and estimating fecund#ta from CNFH and Livingston
Stone National Fish Hatchery (LSNFH) hatchery ptimsurecords, estimated recruits
per female and egg-to-fry survival estimates weeegrated.

Fall Chinook fry-equivalent production estimatesvbeen 2002 and 2012 ranged
from 7,554,574 to 30,624,209 (- = 17,262,473, CA8.2%). Lower and upper 90% CI's
were generated for each week, summed annually, averaged between 6,670,475 and
30,707,529 (Table 6a).

Adult fall Chinook escapement estimates above R@idnstem Sacramento
River plus tributaries reported) estimated escaperieetween 12,908 and 458,772 (-1 =
93,661) for the same years. Fall Chinook carcaseg data collected by California
Department of Fish and Wildlife (CDFW) provideduahfemale:male sex ratio
estimates averaging 0.46:0.54 (D. Killam, unpuetisiata). A significant relationship
between estimated number of females and fry-equévdlfall Chinook production
estimates was detected¥= 0.53, df = 10P= 0.01; Figure 20a). Recruits per female
were calculated ranging from 89 to 1,515 (-1 = 748suming an average female
fecundity value of 5,407, based on fall Chinooknsgiag records from CNFH between
2008 and 2012 (K. Brown, unpublished data), redliliean egg-to-fry survival estimate
averaging 13.9% for fall Chinook (Table 6a).
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Late-fall Chinook fry-equivalent production esttesmbetween 2002 and 2012
ranged from 116,188 to 4,041,505 (-t = 669,939, C'63:8%). Lower and upper 90%
CI’s were generated for each week, summed annuaitig,averaged between 222,044
and 1,236,432 (Table 6b).

Adult late-fall Chinook escapement estimates abBRBDD estimated escapement
between 2,931 and 36,220 (-t = 9,108) for the sasmry. Late-fall Chinook annual
female:male sex ratio estimates relied on an asstiompof the average ratio found for
fall Chinook (i.e., 0.46:0.54). A significanttietaship between estimated number of
females and fry-equivalent late-fall Chinook profifore estimates was detected(F
0.67, df = 10,P = 0.002; Figure 20b). Recruits per female wereutated ranging from
47 to 243 (< = 131). Assuming an average femalenfdity value of 4,662 based on late-
fall Chinook spawning records from CNFH betweer 200 2012 (K. Brown,
unpublished data) resulted in an egg-to-fry surlestimate averaging 2.8% for late-fall
Chinook (Table 6b).

Winter Chinook fry-equivalent production estimatestween 2002 and 2012
ranged from 996,621 to 8,943,194 (-1 = 4,152,547=C"0.1%). Lower and upper 90%
CI's were generated for each week, summed annuaiig,averaged between 2,265,220
and 6,124,494 (Table 6¢).

Adult winter Chinook escapement estimates above RBISFWS/CDFW carcass
survey data; available attp://www.fws.gov/redbluff/he_reports.asp} estimated escapement
between 824 and 17,205 (-t = 6,532) for the sameasgesVinter Chinook annual
female:male sex ratio estimates were estimated dgrihe annual carcass surveys
(Table 6¢). A highly significant relationship begw estimated number of females and
fry- equivalent winter Chinook production estimatesas detected &= 0.90, df = 10,P <
0.001; Figure 20c). Recruits per female wereutaled ranging from 846 to 2,351 (-1 =
1,349). Annual female fecundity values were esteddased on winter Chinook
spawning records from LSNFH between 2008 and 203F\(VS Annual ropagation
Reports; available attp://www fws.gov/redbluff/he reports.aspy and resulted in an egg-to-fry
survival estimate averaging 26.4% for winter Chinflable 6¢).

Spring Chinook fry-equivalent production estimdbesween 2002 and 2012
ranged from 207,793 to 747,026 (1 = 471,527, C\D.8%). Lower and upper 90% Cl's
were generated for each week, summed annually, aneraged between 199,365 and
792,668 (Table 6d).

Adult spring Chinook escapement estimates abovgIRBnainstem Sacramento
River plus tributaries reported) estimated escaperieetween 77 and 399 (-1 = 195) for
the same years. Spring Chinook annual female:s®@teatio estimates relied on an
assumption of the average ratio found for fall Giok (i.e., 0.46:0.54). No significant
relationship between estimated number of femalesddry-equivalent spring Chinook
production estimates was detectedf & 0.00, df = 1P = 0.971; Figure 20d). Recruits
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per female were calculated ranging from 1,112 t69 (< = 3,122). Assuming an
average female fecundity value of 5,078, based waraging of 5 years of fall and late-
fall Chinook spawning records from CNFH and 1Gsy&fawinter Chinook spawning
records from LSNFH, resulted in an egg-to-fry saha@stimate averaging 61.5% for
spring Chinook (Table 6d).

Green Sturgeon Data-Capture of young of the year sturgeon occurreduaily
between calendar years 2002 and 2012, except ir82@atch was highly variable, not
normally distributed, and ranged between 0 and 3, p@r year (median = 193; Table 7).
Sturgeon sampled by rotary traps could be posijiveéntified as Green Sturgeon in the
field above total length of 46 mm. At this size, lateral ssutvere fully developed and
could be counted to distinguish between Whifci{penser transmontanyisnd Green
Sturgeon (Moyle 2002). Of 2,912 sturgeon measimetie field, 99.14% were less than
46 mm. In all years, except 2007 and 2008, subpsesrof larval and/or juvenile
sturgeon rotary trap catch (up to 50% in some ygamsre supplied to UC Davis for
genetic research and all were determined to be @r&urgeon (See Israel et al. 2004;
Israel and May 2010). We therefore assumed atggtan captured in rotary traps were
Green Sturgeon based on the results of geneticye®sl. Moreover, Green Sturgeon
were the only confirmed spawning Acipenserids saa@t or above the RBDD transect
between 2008 and 2012 during sturgeon spawningesg\(oytress et al. 2009-2013).

Green Sturgeon catch was primarily composed cémég emerged, post-
exogenous feeding larvae with a 10-year medianwaptotal length averaging 27.3
mm (SD = 0.8; Table 7). Sturgeon were sampleddsatvt8 and 188 mm, but those
sampled above 40 mm were considered outliers (N =Table 7; Figure 21a).

The temporal pattern of Green Sturgeon capturesuned, on average, between
May 1 and August 28 of each year. Green Sturgaptuce trends indicated annual
variability, but on average 50% were sampled byehd of June each year and nearly
100% by the end of July (Figure 21b), with outl{ees, juveniles) captured in August,
September and as late as November (e.g., 188 mrinEome years.

Relative abundance of Green Sturgeon was measaseaxtch per estimated
water volume sampled (CUV in ac-ft) through rotaimap cones and summed daily.
Daily values were summed annually to produce eaar’'y annual index of abundance.
Absolute abundance estimates, via trap efficientsid, could not be calculated due to
low numbers of sturgeon sampled on a daily basthe fragile nature of newly
emerged exogenous feeding larvae.

Green Sturgeon annual CUV was typically low amged from 0.0 to
20.1 fish/ac-ft (1 = 2.5 fish/ac-ft, SD = 5.9).taDaere positively skewed and median
annual CUV was 0.8 fish/ac-ft. Relative abundatis&ibution data were highly
influenced by samples collected in 2011 that equadie two orders of magnitude higher
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than any other year’s index (Figure 21c). Ovevaltiability in CUV  between years was
relatively high as the CV was 236% for the eleear-period (Table 7).

Lamprey Species DataCapture of multiple lamprey species occurred testw
water year (WY; October - September) 2003 and 20/%. 2002 was excluded from
analyses as less than 50% of the entire year warplesl. Lamprey species sampled
included adult and juvenile acific Lamprey anddamuch lesser extent River Lamprey
(Lampetra ayre$j and acific Brook Lamprey (Lampetra pacifica) Unidentified lamprey
ammocoetes and acific Lamprey (L) composed 99.8%all captures, 24% and 75%,
respectively. River Lamprey and acific Brook Laeypcombined, composed the
remaining 0.2% of all captures. Annual catch,tlenand relative abundance
information for River and acific Brook Lamprey cae found in Appendix 1 (Tables A9
and A10) and are not discussed further due to Vew capture rates.

Annual catch of ammocoetes was relatively stablé nged between 385 and
1,415 individuals per year (1 = 757, median = 88bje 8a). The catch coefficient of
variation for ammocoetes was 38.5%. Minimum Tlamiprey ammocoetes was 14 mm
and maximum TL was 191. Over the eleven compledesysampled, the average
minimum and maximum TL’s were 32 and 164 mm, redpag (-1 =105, SD = 4.7; Figure
22a).

Annual catch of L macropthalmia and a small friact of adults was variable and
ranged between 204 and 5,252 individuals per yelr 2,335, median = 2,747; Table
8b). The catch coefficient of variation for L w@$.3%. Minimum TL of L was 72 mm
and maximum TL was 834. Over the eleven years Isaimnihe average minimum and
maximum TL’s were 88 and 665 mm, respectively{50; SD = 37.3; Figure 23a).

Lamprey captures occurred throughout the year bextw October and September.
Ammocoete capture trends indicated annual variagilbut on average 25% were
sampled by the end of January, 50% were sampldtidoend of March, 75% were
sampled by the end of May and 100% by the end pfe3aber (Figure 22b).
Transformed L (macropthalmia and adult) capturestrds indicated a different pattern
of capture and annual variability compared to ammeies. On average, 5% were
sampled through October, 50% were sampled throughdmnber, 75% were sampled
through February, 90% by the beginning of Aprihvat100% by the end of September
(Figure 23b).

Relative abundance of ammocoetes and L were measguas CUV through
individual rotary trap cones and summed daily. lYD@alues were summed annually to
produce each year’s annual index of abundance.oldbs abundance estimates
employing mark-recapture methods could not be cldted due to the sporadic capture
of adequate numbers of juveniles (e.g., > 1,000viddals) that would be needed for
mark-recapture trials. Moreover, emphasis was gthon conducting Chinook mark-
recapture trials at times of pronounced lamprey adance.
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Ammocoete annual relative abundance ranged frofnt8.11.7 fish/ac-ft (-t = 6.8
fish/ac-ft, SD = 2.6; Figure 22c). Overall, amrateedata were normally distributed as
median CUV was 6.5 fish/ac-ft, similar to the meaalue. Variability in CUV between
years was modest and the coefficient of variatiomswd9% for the eleven-year period
(Table 8a).

L annual relative abundance was generally higltean ammocoete relative
abundance and ranged from 2.1 to 112.8 fish/act(41.0 fish/ac-ft, SD = 34.7; Figure
23c). Overall, L data was slightly positively slesl and median CUV was 34.1 fish/ac-
ft. Variability in CUV between years was moderaad the coefficient of variation was
85% for the eleven-year period (Table 8b).

Abiotic Conditions—Tabular summaries of the abiotic conditions tivatre
encountered during each annual capture period wenenmarized for each run of
salmon,O. mykiss, Green Sturgeon and Lamprey species. Tabular suiesmassociated
with each species annual captures are located iéka9a-9f and include: dates of
capture, peak daily water temperature, peak dailer discharge levels and mean daily
turbidity values. A series of exploratory plotsmgmaring the above daily environmental
data variables plus an index of moon illuminosigrevgenerated for fry and pre-smolt
Chinook daily passage estimates for visual analy®éater Chinook fry and pre-
smolt/smolt plots are included in Appendix 2 (FegiA1-A23) for reference.

Annual environmental covariate data for fall Clik@almon can be found in Table
9a. Results presented below describe data averayed 11 brood years. Fall Chinook
were sampled over a period of 250 to 273 days @ary(-1 = 264 days, SD = 7). Water
temperatures ranged from 45 to 62 °F (-1 = 55°F8[B). Sacramento River discharge
ranged from 5,605 to 72,027 CFS (-t = 14,844 CES53B2). Turbidity values ranged
from 1.5 t0 298.7 NTU (-t = 14.4 NTU, SD = 6.3).

Annual environmental covariate data for late-falinook salmon can be found in
Table 9b. Results presented below describe da¢samed over 11 brood years. Late-
fall Chinook were sampled over a period of 27038 8ays per year (-1 = 300 days, SD =
24). Water temperatures ranged from 46 to 62 °E (56°F, SD = 0.7). Sacramento River
discharge ranged from 5,536 to 67,520 CFS (-180126S, SD = 2,829). Turbidity
values ranged from 1.4 to 272.0 NTU (<t = 11.3 I$DUs 6.2).

Annual environmental covariate data for winter @ok salmon can be found in
Table 9c. Results presented below describe dataagyed over 11 brood years. Winter
Chinook were sampled over a period of 207 to 27gsdzer year (- = 250 days, SD = 20).
Water temperatures ranged from 46 to 61 °F (-1 ¥5%5D = 0.8). Sacramento River
discharge ranged from 5,349 to 66,800 CFS (<1 521€68S, SD = 3,767). Turbidity
values ranged from 1.3 t0 290.2 NTU (cT = 12.5 I$DUs 5.1).
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Annual environmental covariate data for springrébk salmon can be found in
Table 9d. Results presented below describe da¢asmed over 11 brood years. Spring
Chinook were sampled over a period of 221 to 250sdaer year (-t = 232 days, SD = 9).
Water temperatures ranged from 46 to 62 °F (-1 #53%D = 0.6). Sacramento River
discharge ranged from 5,349 to 68,720 CFS (-1 20188S, SD = 6,116). Turbidity
values ranged from 1.4 to 305.9 NTU (ct = 16.0 I$DUs 7.0).

Annual environmental covariate data formykiss can be found in Table 9e.
Results presented below describe data averaged #0eralendar yearsD. mykiss were
sampled over a period of 331 to 363 days per yelar 349 days, SD = 12). Water
temperatures ranged from 46 to 63 °F (- = 56°F=8B). Sacramento River discharge
ranged from 5,333 to 67,610 CFS (-1 = 12519 CES3SB1). Turbidity values ranged
from 1.4 t0 263.7 NTU ( = 11.4 NTU, SD = 4.1).

Annual environmental covariate data for Green §&an can be found in Table 9f.
Results presented below describe data averaged &t%eralendar years. Green
Sturgeon were sampled over a period of 56 to 15yisdaer year (I = 88 days, SD = 27).
Water temperatures ranged from 55 to 61 °F (-t #5&D = 0.9). Sacramento River
discharge ranged from 9,639 to 23,538 CFS (-18318&S, SD = 2,181). Turbidity
values ranged from 2.4 to 93.9 NTU (-1 = 8.5 NTW; &D).

Due to the large amount of variability and lackaaformal distribution, all
environmental covariate CUV data analyses for Gre&turgeon were performed using
natural log transformed data (Sokal and Rohlf 19%x)vironmental covariates were
regressed against the natural log of daily CUViesdtes for Green Sturgeon in a linear
regression setting (Figure 24). Maximum daily wédenperature was the only variable
found to be significantly related to Green Sturgeetative abundance, albeit the
relationship explained ~5% of the variability ardutaily relative abundance?& 0.045,
df = 315,P <0.001).

Annual environmental covariate data for Lampseyp. can be found in Table 9g.
Results presented below describe data averaged ¢t¥ewater years. Lamprey were
sampled over a period of 358 to 364 days per yeiar 62 days, SD = 2). Water
temperatures ranged from 46 to 63 °F (-1 = 56°F80¥). Sacramento River discharge
ranged from 5,347 to 68,873 CFS (-1 = 12,595 CES43D7). Turbidity values ranged
from 1.2 to 306.8 NTU (-t = 11.9 NTU, SD = 4.4).

Due to the variability and lack of a normal dlstition, all environmental covariate
CUV data analyses for Lamprespp. were performed using natural log transformed
data. Environmental covariates were regressedreggdhe natural log of daily CUV
data for Lampreyspp. in a linear and multiple regression setting. félir independent
variables appear to contribute to predicting Lampspp. relative abundance and were
significantly related to abundance level$<0.223, df = 199% <0.001). Individual
variable linear regression analyses indicated tlitj water temperature, discharge,
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and full moon illuminosity were correlated in deadéng order of magnitude (Figure
25). None of the covariates tested explained mihi@n ~16% of the variability
associated with daily CUV data.

Discussion

Trap Efficiency Modeling-Over the past 11 years, annual mark-recaptuddri
added 85 data points to the RBDD rotary trap efficy linear regression model (Figure
3). Explanation of the variability associated witip efficiency and.Q, in terms of the
associated r-squared value, was reduced for tret few years and then steadily
increased in more recent years. The reduction duss, in part, to more precis®Q
calculations over the initial model when diversidrem RBDD were not subtracted
from daily river discharge values. Diversions wadrke to be removed from the total
discharge (Q) passing the transect as these data became aveiiatreal-time starting in
2002.

The addition of a multitude of fry size-classl&iaver a variety of discharge levels
greatly increased the accuracy of trap efficienstireates. Fry size-class fish are the
predominant size-class sampled at RBDD (i.egrdlwinter Chinook) thereby making
them the best representatives for use in mark-reap trials. The original trap
efficiency model developed by Martin et al. (20@fployed primarily hatchery-raised
smolts, as these fish were all that were availabléarge quantities and permitted for
use in experiments to develop the initial modelowever, hatchery fish weakly
represented the primary fish size-class sample®BipD rotary traps. Roper and
Scarnecchia (1996) and Whitton et al. (2008) fosigaiificant differences in trap
efficiency when conducting paired mark-recaptunals using hatchery and wild caught
fish. The most recent years of RBDD data suppistdoncept.

While a simple linear regression model has wonkedtl over the years for our real-
time data output needs, analysis of the data witltie model, other possible covariates,
and other more advanced modeling techniques hasbeerranted. Analysis
incorporating additional potential explanatory \avles was conducted using a
generalized additive model technique (GAM; Hastié &ibshirani 1990). From this
analysis, variables including turbidity, fish sine run, water temperature, weather
condition, lunar phase, and river depth were explbin addition t0%Q. The result was
that only %Q and weather were found to be significant model kxmtory variables e
0.68; df = 141,P <0.01). The weather variable needs focused testingdndacting
more mark-recapture trials under a variety of weatttonditions to determine the
applicability or mechanism of this variable. Th&MGmodeling technique may be
employed in the future as an improved statisticainhat to interpolate missed sample
days.

At minimum, an update to the 142 trial linear trefficiency model (Figure 3)
needs to be implemented for future passage estimedéculations. The update will
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include the removal of hatchery fish triaN+23) used as surrogates for natural stocks.
Removal of all RBDD “gates in” mark-recapturediiidF31) due to the cessation of
RBDD dam operations since 2011 (NMFS 2009) isvatsanted.

The loss of annual maintenance and RBDD gate ilmgveperations at the rotary
trap sample site (Figure 1) will allow the riveaohel’s geometry to change more
frequently due to natural flow driven substrate trgport mechanisms. RBDD
operations of the past virtually “reset” the sampdée to facilitate pumping during the
gates-out period and improve fish passage at thk fadders during the gates-in period.
As the sample site’s channel configuration is aldwo fluctuate in the absence of dam
operations, the overall effect could be differimgp efficiency values in relation to flow
compared to previous years’ data. Annual mark-pégee trials will be needed to
evaluate this phenomenon, which has been obsermeattier uncontrolled channel
sampling locations (e.g., Clear Creek; Greenwaldle2003). The use of a GAM model
may also be of benefit in this situation as it abbk constructed and employed annually
to account for wide variation in annual trap eféiocy values; albeit at the expense of
being able to produce real-time data summaries.

A linear model that also removed the remaining-gf02 trials (N=16) which
estimated%Q in a less precise manner, would result in the nregiresentative trap
efficiency model. A post-RBDD wild Chinook mofiiis type would incorporate 72
mark-recapture trials with a high degree of sigrfice (N=72, #= 0.669, F = 141.8<
0.001) and be most representative of current samgpiconditions in terms of fish size-
class and environmental conditions.

Chinook Capture Size Analyse®verall capture of Chinook salmon by RBDD
rotary traps was heavily weighted towards fry sitass less than 40mm in fork length.
All four runs’ greatest proportion of fish were fodiin this size-class, albeit in a range of
proportions from 24% for late-fall (Figure 5b) teeo 72% for winter run (Figure 6b).

The capture size-class results fit well with thgyratory strategies of ‘stream’ and
‘ocean type’ as noted in Moyle (2002) for late/fgdking and fall/winter Chinook,
respectively. The question of size selectivitgawture bias of rotary traps, a passive
sampling gear (Hubert 1996), comes into questioemtealing with two very different
migration strategies.

A two sample t-test was performed to evaluate thatential for size-class bias by
comparing fry (fall and winter Chinook) size-ckaap efficiency values (N=43) to pre-
smolt/smolt (fall) trap efficiency valuebl€10) between similar river discharge
conditions. The t-test results did not indicateyasignificant difference between the
mean efficiency values (t = -0.398, df =B %,0.624). Interestingly, the mean efficiency
and standard deviation of the values were identicd+ 2.1%, SD = 0.01) between
groups. We recommend further study of the relatstiip between pre-smolt/smolt
size-class and trap efficiency to determine ifeti#éhces or bias may exist between or
among Chinook runs. Additional sampling effort Wddne needed to capture
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substantially more pre-smolts in the numbers regugirfor efficiency trials in the
Sacramento River to further test this potential ®iaSmolting salmonids also appear to
succumb to stress induced mortality at a much geeagte than fry, particularly in
warmer water conditions due to relatively high ragion levels, adding to the difficulty
in testing this potential bias.

O. mykiss Life-Stage and GrowthCatch ofO. mykiss was scattered throughout
the year with multiple modes in abundance of predoately sub-yearling parr and
silvery-parr occurring in early May and Augu3tmykiss fry (<41 mm) made up 17.5%
of the total O. mykiss catch in 2006 and was 2.4 standard deviations ftben11-year
mean. In contrast, yolk-sac fry, made up only 9cf%e O. mykiss catch in 2006 and
varied less than 1 standard deviation from the ttiymean (Table 3). Elevated spring
discharge resulted in poor sampling conditions Wwhieduced sampling effort, possibly
scoured redds, and ultimately resulted in low ovk€a mykiss catch in 2006.
Regardless of the cause of low catch rates, ihlaly the migration patterns ofO.
mykiss changed in 2006 and the variability in age-classibution was likely due to our
sampling effort in that year.

The small percentage 6f mykiss smolts that showed signs of anadromy were
generally migrating during March through June whiats consistent with outmigrating
smolts found in Battle, Mill, and Deer Creeks ($omnand Merrick 2012; Colby and
Brown 2013). Interpretation ofO. mykissdata collected at the RBDD was complicated
as a robust resident (non-anadromous) populatioistsxthroughout the Upper
Sacramento River and its’ tributaries. opulatio$ anadromous and residef.
mykisslife history forms are often sympatric and may intgeed (Zimmerman and
Reeves 2000; Docker and Heath 2003), thereby radumirr abilities to separate the
anadromous and non-anadromous components of thescggs. Donahue and Null
(2013) conducted research using otolith Strontiuadum ratios to determine whether
O. mykiss returning to a hatchery were progeny of anadromaugesident females. A
similar analysis could be conducted using juveilenykisscollected at the RBDD. Data
from juveniles might provide incite as to whethemporal separation in spawn timing
exists between anadromous and resident forms ofm@kiss coexisting within the Upper
Sacramento River basin.

Linear regression equations developed using weigigth data obtained fromO.
mykiss showed a strong correlation between the two vateb(F= 0.942). The annual
slope coefficient varied slightly between 2.858 &h@52. Carlander (1969) suggested
that slopes less than 3.0 might indicate a crowdedtunted population. However,
permit restrictions may have introduced bias intor@esults as we were unable to
anesthetize and weigh fish >200 mm thereby redudimggslope of the regression
compared to that of a complete analysis of the ptation.

Sample Effort Influence on Passage Estimat&€ampling effort had profound
effects on the precision of passage estimates antfidence intervals (Figures 10, 12,
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14, 16, and 18). In general, as sampling effodréased, variance within weekly
passage estimates increased and the width of cemfte intervals subsequently
increased. This effect was most prominent whemefivas reduced during peak
periods of outmigration or for long periods of tinfe 1 week) when sharp increases or
decreases in fish abundance occurred. Unfortunyatedmpling of outmigrant Chinook
on a large river system such as the Sacramenta Rivevariably subject to discharge
events that are insurmountable for variable periaafdime.

Logistical factors including staffing and permitrestrictions can also have
significant effects on the precision of estimatdsor example, a comparison of BY 2002
and BY 2005 winter Chinook passage with equivatalit values (0.64) shows less
precision of BY 2002 passage estimates over BY (d@b%e 5c). The basis of the
relatively low effort in 2002 was capture restraris prompted by ESA Section
10(a)(1)(A) NMFS permits for endangered winter &kn Moreover, staff levels were
initially low as the program was reinstated aften@arly two-year hiatus and substantial
sub-sampling measures (i.e., standardized sub-sagplf repeated weeks) had to be
taken during record abundance levels. The netatfieas that sampling of fry, the
predominant size-class of ocean type Chinook (M20I@2; Figure 6a/b), was reduced
in terms of the number of days each week and hafreach night sampled during the
peak emigration period. The overall net effect &% wider ClI's about the 2002
estimate (i.e., less precision) compared to BY 200t4s was due to interpolation of
45% of the fry data which comprised 90% of the 28AR&ual estimate. In contrast, BY
2005 sampled 90% of the fry data which comprise® @ the annual estimate. Effort
was reduced 36% in 2005 as a result of winter seowhereby sampling ceased for 3
straight weeks due to high river discharge levdlke effect of that lost sampling time in
January did little to reduce the precision of th€ B005 estimate as it was during a
period when a mere fraction of a percent of totagsage for winter Chinook typically
occurs (Figure 15). The impact to the BY Z&D&hinookpassage estimate, on the
other hand, was very wide Cl's about the estimate ¢b the lowest effort of all 11
years during a critical time period for that ru@stmigration (Table 5a, Figure 11).

In summary, the precision of passage estimatesveam widely for numerous
reasons within runs and among years. Inter-anwaaiability in environmental
conditions will always be a factor when attemptilmgsample a riverine environment.
Making good sampling decisions with knowledge efghecies of interest and riverine
conditions coupled with tenacity to sample critigariods of outmigration (Volkhardt et
al. 2007) are key to generating passage estimatédsan acceptable level of precision.
Applying effort throughout each period of interesteds to be balanced between the
value of data collected, an acceptable level oftigi®n required of the data, the cost to
attain the required precision, the impact samplimgy have to a particular species, and
the feasibility to appropriately sample the specidsnterest.

Chinook Passage VariabilityJuvenile Chinook passage by one to four runsreccu
every single day of the year in varying proportiab®&BDD. The sources and degree of
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variability of juvenile Chinook passage are asrdevas the life-history and migration
strategies of the runs they encompass. The magteitof run-specific adult spawners
appears to have the greatest influence on the olaragnitude of juvenile Chinook
passage and associated variability.

In recent decades, fall Chinook adults consisjeddiminated the Upper
Sacramento River spawning salmon populations @iii2006, Azat 2013).
Throughout the past decade, we witnessed a ‘cokap$ the Sacramento River fall
Chinook adult population and accordingly trackedlohees in juvenile passage (Figure
10). Lindley et al. (2009) analyzed the freshwatet marine components of fall
Chinook outmigrants from BY 2004 and 2005 througdirtreturn as adults in 2007 and
2008. They indicated BY 2004 and 2005 juvenileswsrtered poor marine conditions
upon ocean entry in the spring of 2005 and 2006cwhesulted in the marked decline
in fall Chinook adult abundance starting in 2007.

Juvenile fall Chinook had the greatest mean anpaakage value (14,774,923) of
the four runs sampled at RBDD (Table 5a). FalbGkipassage also exhibited the
second smallest degree of variability with a C¥&2%. Notably, fall Chinook annual
production by the CNFH averages 12 million juvendesimilar value to the mean
passage value of unmarked fall ChinboKall Chinook production fish from CNFH
contributed heavily to the relative stability oféhannual returning fall Chinook adult
population (Williams 2006) and, consequently, juleepassage estimates over the past
eleven years (i.e., basis of fall Chinook poputgtio

Temporal abundance patterns of fall Chinook intdi¢he primary passage of
juveniles occurs between late December and Mardajufle 11a/b). Over half the run
passed RBDD by mid-February, yet this varied dwed 1-year period by +/- one month.
Fall run passage on the American River (Williard$ 2Clear Creek (Earley et al. 2013a)
and Stanislaus River (yper and Justice 2006) ilif€¥aia generally subsides to low
values by the end of March. This would be conaistgth the ocean type migration
strategy as noted by Moyle (2002). The remainaligréin smolts and subsequent ‘jump’
in abundance in April to May was a result of thenarked proportion of the CNFH
production releases. Reduced variability in we@idgsage was observed in the final
20% of annual fall Chinook passage (Figure 11b).

Spring Chinook had the lowest average passage wl864,000 juveniles and the
lowest CV of 45% (Table 5d). The low value ofiggrhinook passage at RBDD can be
attributed to a relatively small number of adulfgasvning primarily in Battle and Clear
Creeks (Figure 1). Some extant populations apgemhabit Beegum Creek, a tributary
to Cottonwood Creek (CDFG 2001), and in the maim§&acramento River (Killam 2009,
Azat 2013). Of particular interest with respectth® accuracy of spring Chinook

7 Fall Chinook passages estimates do not includentaeked proportion (0-25%) of CNFH production fismmarked fish of hatchery
origin are included in annual passage estimates #r&ir occurrence is evidenced by increased passagees primarily in May
through June of each calendar year (Figure 11b).
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juvenile passage at RBDD is the annual spawn tiafiagult spring Chinook and
expected juvenile emergence timing. USFWS rotaryping operations on Battle and
Clear Creeks between 2003 and 2012 have not predliietergence (i.e., through
temperature unit analyses; Beacham and Murray 198f})sampled juvenile spring
Chinook prior to November of each year. On aver#gefirst spring Chinook juvenile
migrants from Battle and Clear Creeks were samglethg the week of November 36
each year (USFWS, unpublished data). As a re&ltcriteria used to identify juvenile
spring Chinook at RBDD are noticeably inaccurafistasampled prior to late
November were not sampled upstream in primary prciiton areas at that time of year.

Simulating a removal of all LAD spring run betw@etober 16 and November 25
of each year sampled would resultdecreased spring run passage estimates by 19%, on
average (range 2.6 to 44.2%). The effects of rengoncorrectly assigned fry annually
did not indicate a statistically significant diféerce between annual estimates (paired
test, N=11,P <0.001). When incorrectly assigned fry are reeth¥he slightly more
accurate simulated spring Chinook annual passalyesaemain within the 90% CI of
standard estimates.

Furthering the simulation by adding the weekly &bar through November spring
Chinook estimated passage to the winter Chinoolspge estimates (i.e., late spawning
or emerging winter run most likely candidate; se@RVWS 2013), had minimal effect on
the magnitude of winter Chinook passage. The ayemacrease to winter Chinook
passage was a mere 2.6% (range 0.6 to 8.8%) andaséd passage remained within
the 90% CI of the annual winter Chinook estimateslliyears.

Winter Chinook average annual juvenile passagetimasecond highest of the
four runs estimated at 3,763,362 (Table 5c¢). THeofthe annual estimates was 73.2%;
higher than fall or spring, but moderately dispetseOverall, passage in years 2002,
2003, 2005, and 2006 surpassed the highest prewalise of winter Chinook passage
since juvenile monitoring began in 1995 (GainesMadin 2002). Similar to fall
Chinook, winter Chinook adult escapement and subsatjjuvenile passage began a
marked decline in 2007 (Figure 16). Juvenile wiBtginook have been determined to
enter the ocean during March and April of eachspriyper et al. 2013) . Overall, it is
believed that juvenile winter Chinook suffered tb@me fate as juvenile fall Chinook
with poor marine conditions upon ocean entry in thgring of 2005 and 2006. Winter
Chinook juvenile cohort replacement rates droppedow 1.0 starting with BY 2007,
similar to adult fall run as noted in Lindley et@009). The lowest passage estimate
between 2002 and 2012 for winter Chinook occurre@011 at 848,976. Not until 2014
will we know if adult or juvenile cohort replacenteates will improve to a value of 1.0
or greater. Winter Chinook passage estimates betwBY 1999 to BY 2002 (Gaines and
oytress 2003) indicate that replacement rates caary substantially and replacement
rates of 3.0 or greater have been estimated betwéevenile cohorts.
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Late-fall Chinook passage averaged 447,711 jesefuit the 11-year period and
exhibited the greatest amount of variability withGV of 159.9%. Late-fall Chinook
juvenile passage estimates are likely affectedAy triteria similar to spring Chinook in
terms of potential for overestimation. The varilityi associated with weekly late-fall
passage shows a decrease in median abundance byeifiening of June each year
which may be more representative of actual latd-&ahergence. Additionally, as
demonstrated by Figures 13 a/b, the late-fall migma starts abruptly unlike for fall and
winter Chinook which follow a more bell-shaped pattin abundance (See Figures
11a/b and 15 a/b). It was highly likely that eatpergent late-fall fry were, in fact, late
emerging fall Chinook. Run specific genetic maoimigp(Banks et al. 2000, Banks and
Jacobsen 2004) could assist in determining the ritade of the error in run
assignment.

Sampling effort during mid-April to mid-May, tharly late-fall run emergent
period, was also typically low in an effort to reduimpacts to CNFH fall Chinook
production fish caught in rotary traps. Within prgredation of fry by CNFH production
smolts could also negatively bias late-fall juvepitoduction estimates. Sub-sampling
of portions of the day and night (£25% of each peéjiwere only feasible with full
staffing in some years which can reduce potentiakb During all other years, multiple
sample days were typically sacrificed to allow pe@akCNFH production fish to recede
ultimately reducing the accuracy of late-fall pags@&stimates.

Fry-Equivalent Chinook Production Estimatdsstimation and analyses of the
productivity of salmon runs in the Upper SacrameRiger basin can provide valuable
information to a variety of interests. ManagemaesftCalifornia’s complex water
resources for agriculture, municipal, commerciald @&cological uses is an increasingly
controversial and complex endeavor. Knowledgéefdffects of manipulating water
storage and river processes on the productivityhaf Sacramento River fish populations
can only benefit fishery and water operations maewgin an attempt to balance the
competing demands on the system. Reducing unadstassociated with threatened
and/or endangered fish population dynamics by enypig knowledge of the
abundance, migration timing, and variability of #gopopulations over time can then
inform the decision making processes guiding manaagd of water and fishery
resources into the future.

Fall Chinook fry-equivalent juvenile productiodiaes (FEJI; Table 6a) indicate a
significant and moderate correlation with fall Chirk escapement estimates (Figure
20a). Approximately 53% of the variation assodatéth fall FEJI ’s was attributed to
the estimated number of females in the system ab&EBDD each year (Figure 20a). The
CV of estimated fall run females was greater thd82% indicating wide dispersion of
contributors to the juvenile population over theeslen-year period. Conversely, the CV
of FEJI ’s was relatively low valued at 43%. éwumtbre, recruits per female and
similarly egg-to-fry survival demonstrated modetgteow average values of 749 and
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13.9%, respectively, when compared to the estimatatlies for winter Chinook (Table
6a).

As noted in Kocik and Taylor (1987), factors iimgiproduction are typically a
combination of biotic and abiotic factors. The sms of variability relating to fall FEJIs
are directly and indirectly related to adult abumdze, but abundance alone does not
explain the low CV in fall run juvenile productiof.simple, albeit incorrect, conclusion
might be that adult escapement of fall Chinook @ years exceeds the useable
spawning area of the system (Bovee 1982, Connat.&001) or optimal spawning
efficiency (Wales and Coots 1955). Upon closem@éation of the likely origin(s) of
juvenile production, the data indicate substantiariability in the distribution of fall run
adults between the mainstem Sacramento River aittltaries, including Clear Creek
and Battle Creek, between years. roportions ofteening adults within the mainstem
and Battle Creek have demonstrated high degreesdgbility (Figure 26). The
overwhelming return of fall run to Battle Creek2602 resulted in the lowest value of
fall Chinook recruits per femaldl (= 89) which was outside two standard deviations of
the average (Table 6a). The number of adults réhg to the CNFH clearly
overwhelmed the capacity of Battle Creek to prodjwweeniles. Sub-optimal wetted
useable spawning area (Bovee 1982), red superirtippngMcNeil 1968, Heard 1978),
and female stress resulting in egg retention (Ne&9863, Foerster 1968) were likely just
some of the factors that reduced the overall protivity of the 2002 fall Chinook adults
returning to the Upper Sacramento River.

In years when estimates of fall Chinook producti@re at their highest in terms
of recruits/females (Table 6a), the proportions gpéng in the mainstem and combined
tributaries were closest to 50:50. Further exantioa indicates that when
contributions from the Battle and Clear Creeks aeded for equal proportions (i.e.,
25% each), peak values of ~1,500 recruits/femalke®wstimated to have been
produced resulting in the highest net spawningadiincy (Wales and Coots 1955).
Optimal natural juvenile fall Chinook productionues in the Upper Sacramento River
system could result under some conditions if intetgm of restoration projects on
Battle and Clear Creeks integrate with mitigatioojects (e.g., CNFH production) for
the mainstem Sacramento River. The effect of aiast hatchery fall Chinook
production on Battle Creek irrespective of natursh production in the Sacramento and
Chinook-bearing tributaries should be consideredf@other evaluation as was noted in
Williams (2006). The effects of restoration ofdCl€reek appear to be providing
production benefits on stream and basin wide scaManagement prerogatives and
actions related to the CV affect both factors, tearying degrees, and decisions should
be prioritized to attain optimal results for botisheries and water operations.

Late-fall Chinook FEJIs indicated high variapi®V = 170%; Table 6b), but a
strong correlation with escapement estimate$£0.67; Figure 20b). The magnitude of
late-fall FEJIs were consistently an order of mégde less than FEJIs of fall Chinook.
One exception was 2002, which increased the Cth&eleven-year period by 100%
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(Table 6b). The fall and late-fall adult Chinoséagement values of 2001 and 2002
were high compared to the other 10 years of datagi®2013). A large run of late
spawning fall run may also have contributed to thege number of juvenile fish falling
within the late-fall size-class according to LAEeGa, but the adult estimate could have
suffered similar inaccuracies in run assignmerdridbility in CV values of anadromous
fish was described by Rothchild and Dinardo (188/Meing inversely related to the
number of years included within the time series Bisas. While 2002 appears to be an
outlier in this data set, it is likely with moreams of data collection and analyses the CV
associated with late-fall production would be ma®mmensurate with other runs of
Chinook.

The stream-type migration strategy noted by Mo{2802) and our size
classification method categorized the majority ate-fall outmigrants as smolts (1 =
62%) which inflated the late-fall FEJIs greatlytimhes (Table 5b, Table 6b). Recruits per
female and similarly egg-to-fry survival had lows @kd the lowest average values of
131 and 2.8%, respectively, in comparison to otiuess (Table 6b). This was
unexpected as this metric does not appear to appdyi to a run that was sampled
primarily as smolts (1 = 62%) over eleven yearsrebler, fry-equivalent calculations
based on a static fry-to-smolt survival estimateéb8fo (Hallock undated) was unlikely to
be an accurate constant for late-fall Chinook asat calculated from hatchery-based
fall Chinook survival data. The fact that corriela$ with adult escapement were
determined to be significant and moderately stromgs unexpected given the vagaries
of sampling late-fall Chinook smolts and the uséhefstatic 59% survival estimate
inversely applied to the majority of the run samghleAdditionally, difficulties with
performing carcass surveys for late-fall Chinook ttulow visibility, winter flow events
or logistical issues (Killam 2009 and 2012) tylyicakult in sub-optimal sampling
conditions and, assumedly, would reduce the accyrddhe adult estimate.

Overall, production of late-fall Chinook appeans Bnd the run has been
characterized by some as vulnerable to extinctidioyle et al. 2008, Katz et al. 2012).
Greater attention to the relatively low abundan@yéls and juvenile rearing habitat
needs of this genetically distinct run (Banks e28I00, Garza et al. 2007, Smith et al.
2009) with its unique over-summering, relativelpdofreshwater residency (Randall et
al. 1987) and large size-at-outmigration strategsl{el and Achord 2004) should be
afforded. The life-history strategies of late-f@hinook have likely allowed them to
persist in the Upper Sacramento River system ag tioeupy a distinct ecological niche.
Juvenile monitoring of this run could benefit grgaf confidence in the accuracy of run
assignment of juveniles was examined using nonaleglenetic techniques (Harvey and
Stroble 2013).

Comparisons between winter Chinook adults and jilegoroduction began early
using data generated by this monitoring projectartih et al. (2001) demonstrated a
strong relationship with only 5 years of data. Emual analyses of the winter FEJI
and adult estimates continually indicated a straetationship with the addition of each
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year’s data (See Gaines and oytress 2003, oytressd Carrillo 2008, oytress and
Carrillo 2012). The analysis of the most recenyddrs of data continues to indicate a
strong relationship between the two variables evanadult escapement values have
varied an order of magnitude.

Winter Chinook FEJIs indicated mild variabili§\ = 67%; Table 6¢) and a very
strong level of significance and correlation wighnfale adult escapement estimate$ (r
=0.90; Figure 20c). Intensive adult and juvenitenitoring for this ESA listed
endangered species coupled with superlative sangptionditions, in most years,
appears to have resulted in very high quality infation regarding the status and
trends in adult and juvenile population abundance.

Egg-to-fry survival estimates generated from ariiater Chinook data indicate
a range of values between 15 and 49% (Table 8djrsAglance, this appeared
counterintuitive based on the highly regulated Semwento River system (e.g., flow and
water temperatures) that typically exists duringetivinter Chinook spawning period.
The average egg-to-fry survival estimate of 268bissiderably higher than that
determined from other studies on acific salmonids! = 15%; e.g., Wales and Coots
1955) but was consistent with highly regulated atimaystems (Groot and Margolis
1991). A very low CV of 38% also appeared cons$igi¢h a regulated system. Recruits
per female, similarly, indicated a low CV of 36% te second highest average value of
1,349 (Table 6c¢).

Natural log transformed adult female estimateduehced juvenile production and
a significant relationship was determined accougtfar roughly half of the variability
associated with egg-to-fry survival rate$<10.51,df = 10,P = 0.012). Densities of
winter Chinook spawners are much lower currentlgritin the years estimated
following the completion of Shasta Dam (USFWS 200tjnpletion of the re-
engineered Anderson-Cottonwood Irrigation Distfish ladders in 2001 resulted in
greater access and subsequently a greater concéaftraf spawners in the uppermost
reaches accessible to anadromous fish (USFWS 20006-2Competition for optimal
spawning habitat can result in lower juvenile pretian if sub-optimal wetted useable
spawning area (Bovee 1982), red superimpositionN&ic1968, Heard 1978), and
female stress resulting in egg retention (Neave3l Foerster 1968) occur to varying
degrees. Low resolution carcass recovery data, (egch specific) indicate an
abundance of spawners utilizing the uppermost @rimiles of the Sacramento River
(USFWS 2006-2011) even as seemingly suitable hahgdeen made available for
approximately 20+ river miles downstream of thenénus at Keswick Dam (RM 302).
Geist et al. (2002) studied physiochemical chanasties affecting redd site selection
preferences by Chinook and different growth and elepment rates have been
attributed to different segments within the sameveir (Wells and McNeil 1970). High
resolution redd surveys or spawning area mappingleying a GIS spatial analytical
framework (Earley et al. 2013b) may shed lighttos tariability associated with winter
Chinook spawning habitat over a variety of aduliadbance levels. Analyses of these
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types of data could result in less uncertainty otres annual specific density dependent
mechanisms affecting juvenile production and prewvitirection for future restoration
activities for winter Chinook.

Spring run Chinook FEJIs were the lowest of alirfruns monitored and indicated
the lowest variability (CV = 41%; Table 6d). Natimship with female adult
escapement estimates was detected%6.00; Figure 20d) and may be attributed
substantially to measurement error (Sokal and R4BB5). Estimates of recruits per
female averaged 3,122 and the egg-to-fry surviadler averaged 61.5%. These values
appear unreasonable outside of a hatchery environtrend well above those found for
other runs (this report) and other studies (e.g.aMs and Coots 1955, Groot and
Margolis 1991). Individual annual estimates varisatlerately (CV= 70.8%) and nearly
half appeared highly unlikely, with some valueseexting the number of eggs deposited
by spawners (Table 6d).

Spring Chinook juvenile fish production estima&eRBDD were the least accurate
and currently constitute 2.1%, on average, of t@ahual Chinook production above
RBDD. Mainstem Sacramento River spawner estinmatgged from a low of 0 to a high
of 370 between 2002 and 2012. Annual indexes nhgpChinook adult abundance
above RBDD during the same years constitute 2.7thedbtal escapement estimated
in the Sacramento River system (Azat 2013). Ghwenelatively sporadic and low adult
abundance levels, vagaries of using LAD critedaaamual CNFH fall Chinook
production releases with fractional mark rates, retationship could be found between
adult escapement and spring Chinook FEJIs wheeratiting to use methods to correct
for these inaccuracies. The effects of inaccusgeng run assignment did not appear
to affect the FEJIs of other runs (e.g., winter all run) and therefore were not
considered biologically significant. Genetic moriitg of fry in the fall after emergence
from tributaries where emergence and migration dé&aollected (e.g., Earley et al.
2013a) may allow for more accurate estimation af ttontributions of this run to the
Upper Sacramento River outmigrant population.

Green Sturgeon Capture DynamieRotary traps were originally constructed to
sample outmigrating salmonid smolts, but have beéfective in sampling a variety of
downstream migrating fish (Volkhardt et al. 200Rotary traps sampling at RBDD have
been effective at monitoring temporal and spatiedrids in relative abundance of Green
Sturgeon since 1995 (Gaines and Martin 2002).

Annual adult Green Sturgeon aggregations were nfesebehind the RBDD when
gates were lowered each spring (Brown 2007). Gedergeon larvae were captured in
2012 (Table 7), the first year the RBDD gates wetdowered as it was replaced by a
permanent pumping plant (NMFS 2009). Spawningdetsrmined to have occurred in
multiple locations as faas 20 river miles upstream of RBDD (Poytress 2080-2013).
The location of the RBDD rotary traps has beeniooefd to be within the Green
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Sturgeon spawning grounds as eggs were sampledtljiteelow the RBDD and
upstream of the RBDD traps in multiple years (Resgret al. 2009, 2010, 2012).

Total length distribution data from Green Sturgemilections at RBDD indicate a
narrow and consistent size-class of larvae (Fi@deg. These data are consistent with
laboratory-based studies conducted by Kynard ef2005) on the behavior of early life
intervals of Klamath River Green Sturgeon. Thedysdetermined that larvae migrated
during two distinct periods (i.e., two-step migmati). The first migration of newly
exogenous feeding larvae was determined to be drairdispersion from production
areas. The second migration (of juveniles) to awetering areas occurred in the fall
some 180 days after hatching, on average. Ounydiap data suggest we are
sampling exclusively the initial redistributionlafvae from egg incubation and hatching
areas.

Benthic D-net sampling conducted by Poytress.g28i10-2011) targeted the
lowest portion of the water column (inverse of royeraps) and consistently captured
Green Sturgeon larvae of the same size-class angdeal distribution pattern as rotary
traps. D-net samples were collected between Mag aarly-August (See Figure 21b for
corresponding RST data only) downstream of spawaiiegs in years 2008-2011; even
as no larvae were collected by rotary traps in 20Q08rvae were sampled by both
methods primarily in the thalweg and in river vétas >/= 1.3 ft/se®. Conversely, zero
juveniles were collected with benthic D-nets in a pilot sjudPoytress et al. 2013)
targeting this life-stage and habitat type in therthos during the fall period. Rotary
traps have collected a few sporadic juveniles (agtliers; Figure 21a) over the entire
sample record of the project. These data indidhtet Green Sturgeon juveniles are no
longer utilizing our sampling region or more likeing a different habitat type (Hayes
et al. 1996). Accordingly, rotary traps appeabéoa relatively ineffective gear type for
sampling the secondary juvenile sturgeon migration.

Protections afforded to ESA listed southern digtipopulation segment of Green
Sturgeon (since 2006), limited quantities of larvaed the small size at capture have
not allowed their drift distances (Auer and Baké02), rates (Braaten et al. 2008), or
rotary trap efficiencies to be calculated for thétial dispersion migration of
Sacramento River Green Sturgeon at RBDD. Reddivedance indices for Green
Sturgeon were highly variable, typically low vala¢e1.0 fish/ac-ft sampled (Table 7),
and contained one extraordinarily strong year-cldgsgure 21c). As noted by Allen and
Hightower (2010), variations in recruitment by ord®f magnitude between years is
common among fish stocks. Moreover, strong and kwgsar classes greatly influence
adult fish populations. Green sturgeon relativaiatance indices should not be
interpreted as recruitment to the adult populatiobut should be viewed as a
production metric influencing recruitment (e.g.,eaf year class strength). Alternately,

8 Rotary traps generally require a minimum waterociy of 1.2 ft/sec to operate properly. D-netsnspled velocities ranging from
1.3 -6.6 ft/sec. RST’ sampled velocities ranffiog 1.3 — 6.3 ft/sec.
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Green Sturgeon larvae relative abundance indicedcbe viewed as an indirect metric
for adult spawning population densitiegstream of RBDD if genetic monitoring were
conducted consistently (Israel and May 2010).

Lamprey Capture Dynamies Similar to Green Sturgeon, rotary trap sampforg
Chinook salmon has provided the additional benaffitapturing out-migrating lamprey
ammocoetes and juveniles. Greater attention tcsthncestor of the earliest
vertebrates (Moyle 2002) has recently been paidieyUSFWS since it was petitioned
for listing under the ESA in 2003 (Nawa et al. 20@3though not listed due to
inadequate data on the species’ range and thretits, USFWS has engaged in a strategy
to collaborativelyconserve and restore Pacific Lamprey throughoutrthative range.
Through the formation and development of the Pacifamprey Conservation Initiative,
an assessment of Lamprey populations in Califdragrecently been completed
(Goodman and Reid 2012). The assessment noted_#raprey species had been
extirpated from at least 55% of their historicaltfitat north of Point Conception, CA by
1985. Long-term monitoring data sets including RBDD rotary trap data, utilizing
temporal and spatial distribution patterns as wadl size-class and relative abundance
levels of lamprey, can aid in the assessment amdexvation of this ecologically vital
species (Close et al. 2002).

Variability in annual size-class total lengthritisitions was typically minor for
both lamprey life stages sampled (Figure 22a agdrei23a). Ammocoetes were
slightly smaller than macropthalmia and slightlymmeariable in their annual average
length distributions valued at 110 mm TL (CV= 48ble 8a). Pacific Lamprey
macropthalmia were the dominant life stage sampéadl the median size at capture
was consistently near 125 mm TL (CV= 1.6%; TahleAghilts, typically noted as
outliers, were encountered in much lower frequerscand were considered upstream
migrants inadvertently captured when the RBDD gatese lowered as they sought
upstream passage around the partial migration beatri

Temporal distribution patterns indicated that amou®tes and macropthalmia
migrate past RBDD year-round. Ammocoetes, on @esrnaere sampled regularly
throughout the year (Figure 22b), whereas macrojitia moved, en masse,
episodically between November and March (Figure)23these data are consistent with
studies of macropthalmia in the Columbia Rivereysas noted by Close et al. (1995)
and Kostow (2002).

Relative abundance indices of ammocoetes (Figleg Varied little between years
and little overall when compared with macropthalntfédgure 23c). Macropthalmia
abundance indices varied considerably between y€Eable 8b). On average,
macropthalmia relative abundance was six times thiziammocoetes indicating
metamorphosis and redistribution to different habié from those used for rearing by
ammocoetes (Goodman and Reid 2012). Differencéseinelative abundance CV’s of
the two life stages likely indicates differencesatchability (Hubert and Fabrizio 2007)
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or habitat use (Hayes et al. 1996), variable migratrigger effects, or variability in
sampling effort that often occurred during periodsmacropthalmia migration.

Water Temperature and Juvenile Fish Dynami8&ght variation within and
among salmonid runs (includifly mykiss) and years was noted for water temperatures
found at RBDD (Tables 9a-e€). Nonetheless, UpmeaBanto River salmonids were
subjected to a relatively wide 20 degree range afev temperatures. Temperatures
were recorded between 44 and 64 degrees with therage being 55 degrees each
year. As summarized in Vogel and Marine (199 ¢)rémge of temperatures
experienced by Chinook fry and pre-smolt/smoltthia last 11 years of passage at
RBDD have been within the optimal range of thertokdrances for survival.

Sacramento River water temperatures below Shasta{ck dams can be
managed at certain times of the year under someditians through discharge
management to provide selective withdrawal at subged intakes (USBR 1991 & 1994,
Vermeyen 1997). Ambient air temperatures typicadigulate river water temperatures
during winter and early spring periods while stagamnd flood control operations are
preeminent. The water temperatures recorded durthg last 11 years appear to have
been favorable for extant spring run spawners, amare so for fall and late-fall run
Chinook and. mykiss spawner and outmigrant populations.

The most vulnerable Chinook run to temperature mgement operations
conducted by the USBR is winter Chinook (NMFS 209 perature management of
the Sacramento River via Shasta/Keswick releaséseby SBR for winter Chinook
appeared to be effective during the last 11 yeasssaidenced by the relatively
favorable and stable egg-to-fry survival estimgfésble 6¢). Moreover, temperature
management of the upper 50 river miles of the Saweato River aimed at winter
Chinook resulted in benefits to over-summering &8 Chinook pre-smolts and a
relatively small proportion of fall Chinook smolts.

Temperature management during the summertime ainaéavinter Chinook
may have indirectly favored the resident form@fmykiss. As noted by Lieberman et
al. (2001), altering the thermal regime and foodbwsdructure by way of temperature
management likely affects the proportion of anadroas to resident forms in large
rivers. Lamprey species have likely benefitted from tempera management as
temperatures for early life stages of lamprey ie tmainstem Sacramento River appear
to have been, on average, optimal (Meeuwig et 8D2) in the last 11 years (Table 9g).

Green Sturgeon have likely benefitted from temgara management efforts
aimed at winter Chinook spawning and productiobg#lless comprehensively. Van
Ennennaam et al. (2005) determined Green Sturgeggndevelopment temperatures to
be optimal between 57.0 and 63.5° F. Mayfield &=th (2004) determined optimal
temperatures for larval development to be betwee®.6 and 66.2°F. Temperatures
recorded at RBDD during larval capture periodsayed 58.3°F and were generally
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within sub-optimal (lower end) to optimal rangesble 9f). A weak negative
relationship between Green Sturgeon CPUV and wetaperatures was detected in
our analysis indicating greater capture rates atdo water temperatures (Figure 24d).
The slightly sub-optimal temperatures might resoltarvae migrating from incubation
areas prematurely. Conversely, the optimal thereaironment of the lab-based
migration data from Kynard et al. (2005) resultedséry similar migration timing
between the lab and larval captures in rotary trapderms of days post hatch (Poytress
et al. 2013). Sacramento River Green Sturgeomadaappear to be following their
natural life-history migration patterns as oppostedoeing coerced from their

incubation areas due to sub-optimal water tempernatsat RBDD. This may not be true
for larvae migrating some 20 miles upstream whédre éffects of temperature
management may have a more pronounced negativeceffe Green Sturgeon larvae
(Poytress et al. 2013). Temperature managementioinook may also have the
indirect negative effect of redirecting the spawgihabitat of Green Sturgeon adults by
20 river miles. A habitat comparison study on takative value of the upper 20 river
miles of the Sacramento River versus 20 lower nnies of habitat currently

benefitting Green Sturgeon adult spawners and dggs temperature management
efforts should be conducted.

River Discharge, Turbidity, and Juvenile Fishrbigsa—Volkhardt et al. (2007)
stated that “flow” (i.e., discharge) was a domindacttor in juvenile trapping operations.
Trapping efficiency and migration rates are affecby flow and the RBDD rotary trap
passage data reflect these statements well. Exgttoy plots demonstrating fry
(Appendix 2, Figures A1-A11) and pre-smolt/smaiteviChinook passage (Appendix 2,
Figures A12-A23) were produced to illustrate thiees of environmental variables on
fish migration. Turbidity was plotted, but not Inded in the final plots presented as
the effects could not be deciphered from dischaaj¢he daily scale of analyses.

The effects of river discharge on turbidity andulant fish passage are complex
in the Upper Sacramento River where ocean and sirgge Chinook of various size-
classes (i.e., runs, life stages and ages) migtaitg throughout the year. Decreases in
discharge in the Shasta/Keswick dam regulated &sméo River, typical of late
summer to early winter periods, appear to coincidigh relatively clear water
conditions and low turbidity (e.g., ~ 1.5 NTU) BD®. Fall or early winter freshets and
winter rain-driven storm events result in highlyrigble increases in discharge levels and
turbidity measures in terms of the magnitude andration depending upon the
source(s) of run-off.

A course scale analyses of fish passage anddiserarge and turbidity
measurements during storm events typically indisadepattern that fish passage
increases with simultaneous increases in both \dei® Inspection of Chinook passage
on a daily time step typically demonstrate a redanotin fish passage a day prior to a
storm or rain-event during periods of stable rivscharge. As storms produced
increases in run-off or discharge from tributarpinis outside of the Shasta/Keswick
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dam complex, mean daily turbidity typically incredsand fish passage began to
increase. When storm related increases in disahaiginished, turbidity diminished,
but Chinook passage often increased greatly for 24ours after the peak flow event.

One problem confounding the results of storm aisthfpassage observations and
analyses was that sampling during large storm rfffdischarge events often ceased
due to safety concerns, concerns for fish impactsimply due to the inability to sample
the river when woody debris stop rotary traps fraperating properly. In some years,
storm events resulted in discharge levels too gteatample effectively or damaged
traps which resulted in numerous days or weeks amysled afterwards. The results are
typically negative bias in passage estimates itdalfowing the peak discharge or
concurrent turbidity events are un-sampled. Altately, the direction of bias can be
positive depending on time of year, interpolatiorethods, sample effort during
extended storm periods, or fish developmental stage

A fine scale, hourly analysis of fish passager discharge and turbidity during
storm events indicated a more intricate relationgluietween the variables. As a
comparison, two separate storm events (December®8Ad November 2012) were
analyzed (Figure 27a/b). In 2005, 24-hour samywkere conducted prior to and after
the peak flow period which was missed due to arbitity to sample the river as it more
than quintupled in discharge (i.e., 7,000 CFS @00 CFS). During this storm event,
sampling was conducted following the peak of rigischarge as river stage decreased,
but while turbidity continued to peak (Figure 27d)he planned 24-hour sample had to
be cut short due to the huge influx of fry and simmissage that occurred during the
turbidity increase (i.e., from 10’s to 1,000’s peyur) and the need to reduce the
potential impact to listed winter Chinook.

During a November 2012 storm event, a differematgy was employed to collect
data more effectively throughout the storm periodror this event, we randomly
sampled portions of the day and night in an attenbipimanage the huge influx of fish
anticipated to occur during the year’s first stoement. Between 11/17/12 and
11/23/12, the project was able to collect 7-randgnskelected samples that occurred
throughout the first major river stage increasegiltie 27b). Samples were collected
during increases and decreases in river stage. p&smvere also collected prior to,
during, and following a substantial increase irbidity that lagged behind the initial
stage increase by nearly 12 hours (Figure 27b).afd pre-smolt/smolt Chinook and
juvenile lamprey fish passage increased exponéwntidihe peak period of fish capture
occurred following the peak in river stage and dgrthe increase and peak periods of
turbidity measurements taken at RBDD. Capturegaigbsided in the following days,
but then increased greatly during the night-timerjpal at the beginning of the next
stage increase (Figure 27b).

Overall, it appears that flow and turbidity areportant drivers for fish passage.
The RBDD rotary trap data indicate that increaseditlity often results in greater fish
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passage than increases in river discharge or sdéégree which often occur as part of
water management operations at Shasta Dam. Theusrables generally increase
sequentially with discharge increases followed tmpidity increases (Figure 27a/b).
Fish passage increases often coincide with thesemss in turbidity which can often be
sampled more effectively than increases in rivescdarge and may result in positive
bias of juvenile fish passage estimates if the peakidity event is sampled compared
to the peak flow event.

The importance of the first storm event of thelfat winter period cannot be
overstated. Chinook smolt and juvenile lampreysagge increased exponentially and
fry passage can be significant if first storms e@sufall Chinook begin to emerge.
Fishery and water operations managers should berawéthe importance of the first
Sacramento River stage increases following the semand fall Sacramento River flow
regulation period. The redistribution of winter @over-summering fall and late-fall
Chinook smolts, or more generally, all anadromaweiile fisf migrating from the
Upper Sacramento River to the lower river and Saerdo San-Joaquin Delta with the
first storm events of each water year should beoiporated into management plans for
Delta operations.

Moon llluminosity and Juvenile Fish Dynamiés-roted in Hubert and Fabrizio
(2007), species and life stages within speciesbéxtiiffering behaviors and therefore
catchability in response to light levels. Gained Bartin (2002) determined that
Chinook passage occurred primarily during noctupsgiods except when turbidity
levels and discharge increased with storm evenisther analyses of the effects of
moon phase and ambient light levels in a statisticanework may be warranted for
Chinook salmon as trends were detected based orofadions. Rotary trap passage
data indicated winter Chinook fry exhibit decreasestturnal passage levels during and
around the full moon phase in the fall (Appendi¥&jures A1-A11). Pre-smolt/smolt
winter Chinook appeared less influenced by nigihietiight levels and much more
influenced by changes in discharge levels (Appehdikgures A12-A23). A similar
phenomenon was noted by Reimers (1971) for juveailleChinook in Edson Creek,
Oregon. Alternately, more data concerning nightdicloud cover may further clarify
the behavior associated with moon illuminosity as-pmolt/smolts were more likely to
encounter unclear night time weather between latetG@ber and December each year.

Spring, fall and late-fall Chinook fry exhibitedying degrees of decreased
passage during full moon periods, albeit storms egldted hydrologic influx dominated
peak migration periodsO. mykisselative abundance was not analyzed with respect to
moon illuminosity. Lamprey CPUV regression ansliyskcated a significant, but nearly
imperceptible relationship (Figure 25a) likely doghe fact that lamprey are captured
throughout the year under nearly all conditionsre€n Sturgeon regression analysis

® Juvenile Green Sturgeon have been captured spogdlgi during the first flow events along with largembers of Pacific Lamprey
juveniles and ammocoetes.
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indicated no significant linear relationship betwemoon illuminosity and relative
abundance (Figure 24a). Migration of age-0 Gréaerg8on larvae has been
determined to occur during nocturnal hours (Kynetdl. 2005) primarily between
21:00 and 02:00 using D-nets (Poytress et al. 28id)was presumed to be similar for
rotary traps as periodic diel sampling events hagecollected sturgeon during daytime

sample periods.
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Table 1. Summary of annual RBDD rotary trap sasffiet by run and species for the
period April 2002 through September 2013, by brgedr (BY).

BY Fall Late-Fall Winter Spring  O. mykiss
2002 0.76 0.57 0.64 0.75 0.53
2003 0.81 0.76 0.81 0.81 0.76
2004 0.85 0.88 0.84 0.85 0.83
2005 0.56 0.73 0.64 0.57 0.83
2006 0.90 0.70 0.83 0.89 0.59
2007 0.88 0.90 0.89 0.89 0.91
2008 0.79 0.89 0.87 0.85 0.89
2009 0.84 0.72 0.75 0.79 0.76
2010 0.75 0.86 0.81 0.77 0.85
2011 0.87 0.77 0.82 0.86 0.76
2012 0.85 0.89 0.89 0.86 0.86

Min 0.56 0.57 0.64 0.57 0.53
Max 0.90 0.90 0.89 0.89 0.91
Mean 0.81 0.79 0.80 0.81 0.78
SD 0.094 0.104 0.088 0.091 0.122

CV 11.7% 13.2% 10.9% 11.3% 15.6%

54



Table 2. Summary of mark-recapture experimentsducted by RBDD rotary trap project between 2868 2013. Summaries
include trap effort data, fish release and recaptgreup sizes (N) and mean fork lengths (FL), percentage of rivechirge sampled
(%Q) and estimated trap efficiency for each tfall€). Model data below each trial period indicttes model was employed,
total trials incorporated into model and linear regsion values of slope, intercept, p-value andefisgent of determination.

# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE
6/26/2002 Falf 4 Yes Lowered 805 68.7 8 61.3 1.58 0.99
8/6/2002 Falf 4 Yes Lowered 743 69.7 16 80.2 166 2.15
8/20/2002 Fall 3 Yes Lowered 340 76.5 7 77.7 141 2.06
Model Employed  #Trials Slope Intercept P R

7/1/2002 - 6/30/2003 61 0.00792 0.00003205 <0.0001 0.394

# Traps Traps Release Group Recapture Group

Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE
1/28/2003 Fall 4 Yes Raised 5,143 36.8 33 37.0 0.75 0.64
2/5/2003 Fall 4 Yes Raised 2,942 36.7 10 37.9 1.36 0.34
2/10/2003 Fall 4 Yes Raised 3,106 37.8 29 37.9 1.59 0.93
2/21/2003 Fall 3 Yes Raised 3,256 374 15 37.3 0.72 0.46
2/26/2003 Fall 4 Yes Raised 2,019 37.0 22 37.2 1.14 1.09
3/1/2003 Fall 4 No Raised 1,456 37.0 31 37.0 3.31 213
3/4/2003 Fall 4 No Raised 1,168 37.1 28 37.4 3.76 2.40
3/7/2003 Fall 4 No Raised 1,053 374 22 36.6 3.58 2.09
3/20/2003 Fall 3 No Raised 1,067 38.2 17 38.3 2.83 1.59
9/2/2003 Winter 4 No Lowered 1,119 37.1 14 36.1 2.03 1.25
9/5/2003 Winter 3 No Lowered 1,283 36.7 26 37.2 252 2.03
9/8/2003 Winter 3 No Lowered 1,197 37.3 30 37.1 2.57 2.51
9/23/2003 Winter 3 No Raised 1,012 35.5 18 35.6 220 1.78
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9/27/2003 Winter 4 No Raised 1,017 36.9 28 36.6 293 275
10/1/2003 Winter 4 No Raised 1,064 37.6 20 36.7 3.09 1.88
10/6/2003 Winter 4 No Raised 999 37.2 22 36.8 2.82 2.20
10/10/2003 Winter 4 No Raised 1,017 38.1 16 38.3 3.06 1.57
10/15/2003 Winter 4 No Raised 1,209 38.0 26 37.6 298 2.15
Model Employed  #Trials Slope Intercept P R
7/1/2003 - 6/30/2004 79 0.00752 0.00046251 <0.0001 0.426
# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL(mm) %Q %TE
1/18/2004 Fall 4 Yes Raised 2,074 371 26 371 152 1.25
1/24/2004 Fall 4 Yes Raised 2,018 38.4 36 374 1.79 1.78
1/31/2004 Fall 4 Yes Raised 2,024 37.7 33 37.6 1.61 1.63
2/6/2004 Fall 4 Yes Raised 1,999 37.9 31 38.0 1.61 1.55
2/9/2004 Fall 4 Yes Raised 2,017 37.8 27 37.0 1.69 1.34
2/13/2004 Fall 4 Yes Raised 2,009 37.2 31 38.3 1.87 1.54
3/14/2004 Fall 3 No Raised 1,401 38.3 18 39.6 1.98 1.28
3/23/2004 Fall 3 No Raised 815 38.8 15 39.1 250 1.84
4/28/2004 Falf 4 Yes Raised 1,304 72.9 33 7.7 1.94 253
5/4/2004 Fall 4 No Raised 814 75.5 18 75.1 3.35 2.21
5/18/2004 Fall 4 No Lowered 867 80.2 10 75.1 3.20 1.15
5/26/2004 Fall 4 No Lowered 1,096 81.2 27 80.2 2.83 2.46
6/2/2004 Fall 4 No Lowered 888 76.2 28 77.2 277 315
6/15/2004 Fall 4 No Lowered 691 76.4 12 79.1 217 1.74
8/31/2004 Winter 4 No Lowered 1,096 36.5 41 36.0 3.00 3.74
9/3/2004 Winter 4 No Lowered 1,153 36.6 50 35.6 3.23 4.34
9/17/2004 Winter 4 No Raised 1,023 36.0 14 354 252 1.37
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9/20/2004 Winter 4 No Raised 1,017 35.8 21 354 248 2.06
9/23/2004 Winter 4 No Raised 2,006 36.0 31 35.1 262 1.55
9/27/2004 Winter 4 No Raised 1,918 36.1 36 36.1 2.77 1.88
10/1/2004 Winter 4 No Raised 1,682 36.4 24 36.0 3.11 1.43
Model Employed  #Trials Slope Intercept P R
7/1/2004 -  6/30/2006 99 0.007464 0.00087452 <0.0001 0.385
# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE
1/23/2005 Fall 4 No Raised 1,283 36.6 41 37.2 421 3.20
2/1/2005 Fall 3 Yes Raised 1,971 36.6 31 36.0 1.35 1.57
2/10/2005 Fall 4 No Raised 1,763 36.6 46 36.7 4.06 2.61
3/10/2005 Fall 4 No Raised 1,216 36.6 27 36.5 3.93 222
3/13/2005 Fall 4 No Raised 1,328 36.3 43 35.6 406 3.24
4/1/2005 Fall 4 No Raised 1,949 57.1 50 62.3 3.49 257
9/11/2005 Winter 4 No Lowered 1,437 35.6 14 38.9 222 0.97
10/4/2005 Winter 4 No Raised 1,587 35.9 14 36.1 1.83 0.88
10/13/2005 Winter 4 No Raised 1,577 35.7 21 36.6 2.33 1.33
2/15/2006 Fall 4 No Raised 1,610 37.4 33 36.6 3.19 2.05
2/23/2006 Fall 4 No Raised 1,503 37.2 38 36.6 2.68 2.53
1/21/2007 Fall 4 No Raised 1,520 0.0 33 37.8 4.02 217
1/28/2007 Fall 4 Yes Raised 1,987 37.6 18 37.8 3.65 0.91
2/5/2007 Fall 3 Yes Raised 2,909 375 29 37.3 1.62 1.00
2/16/2007 Fall 4 No Raised 1,782 37.9 34 38.5 3.51 1.91
3/2/2007 Fall 4 No Raised 1,591 38.5 54 38.6 3.68 3.39
3/15/2007 Fall 4 No Raised 953 37.6 26 376 429 273
3/20/2007 Fall 4 No Raised 835 37.6 23 38.8 418 275
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3/24/2007 Fall 4 No Raised 944 37.7 23 38.0 424 244
Model Employed  #Trials Slope Intercept P R
7/1/2006 - 6/30/2007 118 0.006653 0.00240145 <0.0001 0.420
# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE
1/23/2008 Fall 4 No Raised 2,234 38.4 50 38.2 3.99 224
2/7/2008 Fall 4 Yes Raised 2,324 38.1 60 37.9 219 2.58
2/14/2008 Fall 4 Mixed Raised 1,993 38.4 83 38.8 3.40 4.16
2/20/2008 Fall 4 No Raised 1,703 37.2 48 36.8 529 2.82
2/28/2008 Fall 3 No Raised 2,080 37.6 63 38.3 3.45 3.03
Model Employed  #Trials Slope Intercept P R
7/1/2007 - 6/30/2008 123 0.00645 0.00303101 <0.0001 0.414
# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE
1/23/2009 Fall 4 No Raised 1,923 36.1 54 37.1 453 2.81
2/5/2009 Fall 4 No Raised 1,868 36.8 58 37.4 465 3.10
Model Employed  #Trials Slope Intercept P R
7/1/2008 - 6/30/2010 125 0.006332 0.00328530 <0.0001 0.425
# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL(mm) %Q %TE
1/20/2011 Fall 4 No Raised 1,834 36.9 79 35.9 3.92 4.31
1/26/2011 Fall 4 No Raised 1,989 37.6 109 36.0 456 5.48
2/1/2011 Fall 4 No Raised 1,593 36.4 61 36.0 5.04 3.83
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2/11/2011 Fall 4 No Raised 1,582 35.7 81 37.4 534 512

Model Employed  #Trials Slope Intercept P R
7/1/2010 - 6/30/2012 129 0.007297 0.00123101 <0.0001 0.493

# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE

1/30/2012 Fall 4 No Raised 1,319 36.3 46 36.1 4.08 3.49

2/4/2012 Fall 4 No Raised 1,146 35.8 51 354 552 4.45
2/16/2012 Fall 4 No Raised 1,465 35.7 73 35.0 5.36 4.98
2/28/2012 Fall 4 No Raised 1,228 35.5 57 34.6 540 4.64

Model Employed  #Trials Slope Intercept P R
7/1/2012 - 6/30/2012 133 0.007676 0.00037735 <0.0001 0.561

# Traps Traps Release Group Recapture Group
Date Run Sampling Modified RBDD Gates N FL (mm) N FL (mm) %Q %TE

1/16/2013 Fall 4 Yes Raised 1,991 35.6 72 35.8 256 3.62
1/23/2013 Fall 4 Yes Raised 1,965 35.9 39 35.3 261 1.98
1/30/2013 Fall 4 Yes Raised 1,981 36.3 44 35.6 257 222

2/3/2013 Fall 4 Yes Raised 1,998 36.5 42 36.1 269 2.10
2/13/2013 Fall 4 Yes Raised 2,079 36.3 48 36.2 262 2.31
2/18/2013 Fall 4 Yes Raised 2,156 36.1 35 36.8 289 1.62
2/22/2013 Fall 4 No Raised 2,439 36.7 119 36.6 6.52 4.88
2/26/2013 Fall 4 No Raised 1,400 36.1 65 37.3 6.87 4.64

3/3/2013 Fall 4 No Raised 899 36.5 37 36.9 6.71 4.12

Model Employed  #Trials Slope Intercept P 3
7/1/2013 - 9/30/2013 142 0.007255 0.00150868 <0.0001 0.587

" Denotes Coleman National Fish Hatchery Fall Chipamuction fish used during trial.
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Table 3. Annual capture fork length summar{ afiykiss by age and life-stage classification from the RBR}&ry trap project
between April 2002 through December 2012 by calerydar (CY).

Age Classification (%) Life Stage Classification (%)
Fry Sub-Yearling Yearling 2+ Yolk- Silvery-

CY <41mm 41138 mm 139-280 mm >280 mm CY sacFry Fry Parr  parr Smolt

2002 11.2 86.7 1.6 0.5 2002 0.0 6.3 54.4 37.2 2.1
2003 8.1 89.5 23 0.0 2003 0.0 5.6 57.7 34.9 1.8
2004 9.8 89.7 0.5 0.0 2004 0.0 4.6 60.2 34.7 0.5
2005 3.5 93.2 3.1 0.2 2005 0.0 2.8 48.7 45.6 29
2006 17.5 75.3 5.6 1.5 2006 0.2 9.2 78.9 9.2 24
2007 6.5 91.2 1.7 0.6 2007 0.1 8.7 85.3 5.3 0.6
2008 6.3 92.3 0.9 0.5 2008 0.1 8.2 794 12.0 04
2009 9.0 87.7 2.1 1.2 2009 0.0 10.7 82.8 5.1 14
2010 7.7 89.8 1.7 0.8 2010 0.3 9.7 874 1.7 1.0
2011 4.6 89.7 5.0 0.6 2011 0.1 35 90.9 2.8 27
2012 6.6 90.0 2.3 1.1 2012 0.2 5.9 88.2 4.2 1.5
Mean 8.3 88.7 24 0.6 Mean 0.1 6.8 74.0 17.5 1.6
SD 3.8 4.8 1.6 0.5 SD 0.1 2.6 15.5 16.8 0.9
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Table 4. Annual linear regression equations @&tk confidence intervals (Cl) for kpog
transformed juvenile (80-200 mr). mykiss weight-length data sampled at the RBDD
rotary traps from April 2002 through December 2M2calendar year (CY).

Slope
CY Weight-Length Equation R  Lower 95% CI ICi)pper 95% ClI
2002 Logo(weight)=2.843(LogFL)-4.616 0.903 2.648 3.039
2003 Logo(weight)=2.968(LogFL)-4.886 0.968 2.885 3.052
2004 Logo(weight)=3.005(LogFL)-4.941 0.952 2.879 3.132
2005 Logo(weight)=3.03(LogFL)-5.009  0.952 2.929 3.132
2006 Logo(weight)=3.052(LogFL)-5.085 0.917 2.811 3.293
2007 Logo(weight)=2.961(LogFL)-4.864 0.947 2.853 3.069
2008 Logo(weight)=2.939(LogFL)-4.819 0.942 2.833 3.044
2009 Logo(weight)=3.017(LogFL)-4.981 0.974 2.922 3.112
2010 Logo(weight)=2.977(LogFL)-4.911 0.934 2.836 3.118
2011 Logo(weight)=2.911(LogFL)-4.778 0.939 2.743 3.078
2012 Logo(weight)=2.858(LogFL)-4.662 0.903 2.746 2.970
Mean Logo(weight)=2.946(LogFL)-4.840 0.942 2.913 2.979
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Table 5a. RBDD rotary trap fall Chinook totauaheffort and passage estimates (sum
of weekly values), lower and upper 90% confidentervals (Cl), ratio of fry to pre-
smolt/smolt passage and ratio of estimated passégs) and interpolated passage
(Interp) for brood year (BY) 2002-2012.

BY  Effort Total Low 90%CIl  Up 90% CI Fry Smolt Ederp |
2002 0.76 17,038,417 857,106 47,315,257 0.86 0.14 054 0.46
2003 0.81 27,736,868 8,839,840 50,653,446 0.85 0.15 0.74 0.26
2004 0.85 14,108,238 5,079,300 24,967,671 0.56 044 0.70 0.30
2005 0.56 18,210,294 3,500,275 39,096,017 0.64 0.36 040 0.60
2006 0.90 16,107,651 6,522,666 26,414,402 0.63 0.37 085 0.15
2007 0.88 12,131,603 6,130,892 18,170,520 0.79 0.21 0.84 0.16
2008 0.79 9,115,547 4,381,560 13,849,709 0.73 0.27 0.81 0.19
2009 0.84 8,532,377 3,064,273 14,052,588 0.81 0.19 056 0.44
2010 0.75 8,842,481 4,727,816 13,252,907 0.71 0.29 0.79 0.21
2011 0.87 6,271,261 3,431,940 9,125,109 0.71 029 0.82 0.18
2012 0.85 24,429,42016,028,521 33,112,943 0.87 0.13 091 0.09
Mean 0.81 14,774,923 0.74 026 0.72 0.28

SD 0.09 6,825,382 010 0.10 0.16 0.16

CV 11.7% 46.2% 13.9% 40.3% 22.0% 57.4%

Table 5b. RBDD rotary trap late-fall Chinoo&ltahnual effort and passage estimates
(sum of weekly values), lower and upper 90% configsintervals (Cl), ratio of fry to
pre-smolt/smolt passage and ratio of estimated gs (Est) and interpolated passage
(Interp) for brood year (BY) 2002-2012.

BY  Effort Total Low 90%CI  Up 90% CI Fry Smolt Ederp |
2002 0.57 2,559,519 659,986 4,953,910 0.17 0.83 0.52 0.48
2003 0.76 346,058 78,407 911,270 057 043 056 0.44
2004 0.88 147,160 74930 220,231 0.17 0.83 091 0.09
2005 0.73 143,362 41,800 333415 035 065 0.71 0.29
2006 0.70 460,268 125,197 902,089 062 0.38 0.44 0.56
2007 0.90 535,619 271,079 800,447 0.27 073 086 0.14
2008 0.89 91,995 46,660 138,310 0.11 0.89 0.89 0.11
2009 0.72 219,824 97,294 342,652 0.13 0.87 0.73 0.27
2010 0.86 183,439 61,775 305937 0.62 038 0.61 0.39
2011 0.77 97,040 28,738 165,997 0.72 0.28 053 047
2012 0.89 140,534 42,673 249,500 048 052 0.80 0.20
Mean 0.79 447,711 0.38 062 0.69 0.31
SD 0.10 715,999 023 023 0.16 0.16
CV 13.2% 159.9% 58.8% 36.5% 23.8% 52.5%
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Table 5¢c. RBDD rotary trap winter Chinook tatelual effort and passage estimates
(sum of weekly values), lower and upper 90% comnfideintervals (Cl), ratio of fry to
pre-smolt/smolt passage and ratio of estimated pgs (Est) and interpolated passage
(Interp) for brood year (BY) 2002-2012.

BY Effort Total Low 90%CIl Up 90% CI Fry Smolt Ederp |
2002 0.64 7,119,041 2,541,407 12,353,367 0.90 0.10 0.58 0.42
2003 0.81 5,221,016 3,202,609 7,260,798 0.85 0.15 0.86 0.14
2004 0.84 3,434,683 1,998,468 4,874,794 090 0.10 0.82 0.18
2005 0.64 8,363,106 4,558,069 12,277,233 0.90 0.10 0.89 0.11
2006 0.83 6,687,079 3,801,539 9,575,937 0.87 0.13 0.76 0.24
2007 0.89 1,440,563 931,113 1,953,688 0.80 0.20 0.92 0.08
2008 0.87 1,244,990 776,634 1,714,013 085 0.15 0.77 0.23
2009 0.75 4,402,322 2,495,734 6,311,739 0.81 0.19 0.74 0.26
2010 0.81 1,285,389 817,207 1,756,987 0.68 0.32 0.92 0.08
2011 0.82 848,976 576,177 1,122,022 0.75 0.25 0.88 0.12
2012 0.89 1,349,819 904,552 1,795,106 0.53 0.47 0.92 0.08
Mean 0.80 3,763,362 080 0.20 0.82 0.18

SD 0.09 2,753,256 011 0.11 0.11 0.1

CV  10.9% 73.2% 13.9% 57.5% 12.8% 59.6%

Table 5d. RBDD rotary trap spring Chinook totalial effort and passage estimates
(sum of weekly values), lower and upper 90% configeintervals (Cl), ratio of fry to
pre-smolt/smolt passage and ratio of estimated gs (Est) and interpolated passage
(Interp) for brood year (BY) 2002-2012.

BY Effort Total Low 90%CI Up 90% Ary Smolt Est Interp
2002 0.75 277477 110,951 494,590 057 043 059 041
2003 0.81 626,915 249,225 1,053,421 080 0.20 0.67 0.33
2004 0.85 430,951 174,174 710,419 0.36 0.64 0.78 0.22
2005 0.57 616,040 131,328 1,382,036 0.69 0.30 0.58 042
2006 0.89 421,436 239,470 603,952 041 059 0.80 0.20
2007 0.89 369,536 229,766 510,868 091 0.09 0.99 0.01
2008 0.85 164,673 66,515 262,959 0.24 0.76 0.62 0.38
2009 0.79 438,405 176,952 700,959 0.50 050 0.51 049
2010 0.77 158,966 62,563 261,105 0.56 044 0.67 0.33
2011 0.86 184,290 101,443 272,769 048 052 0.85 0.15
2012 0.86 320,897 173,312 469,137 042 058 0.74 0.26
Mean 0.81 364,508 054 046 0.71 0.29
SD 0.09 164,135 020 020 014 0.14
CV 11.3% 45.0% 36.4% 43.0% 19.7% 47.6%
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Table 5e. RBDD rotary tr@pmykiss total annual effort and passage estimates (sum of
weekly values), lower and upper 90% confidencerirdis (Cl), and ratio of estimated
passage (Est) and interpolated passage (Interpgdtendar year (CY) 2002-2012.

CY Effort Total Low 90%CI Up 90% @Est Interp
2002 0.53 124,436 27,224 244,701 0.53 047
2003 0.76 139,008 54,885 243,927 0.78 0.22
2004 0.83 151,694 86,857 218,132 0.95 0.05
2005 0.83 85,614 32,251 152,568 0.76 0.24
2006 0.59 83,801 20,603 169,712 044 0.56
2007 0.91 139,424 73,827 205,647 0.89 0.11
2008 0.89 131,013 69,331 193,584 0.88 0.12

2009 0.76 129,581 62,350 197,795 0.83 0.17
2010 0.85 100,997 47,050 155,692 0.74 0.26
2011 0.76 56,798 23,494 89,369 0.76 0.24
2012 0.86 136,621 78,804 194,892 0.96 0.04
Mean 0.78 116,272 0.78 0.22

SD 0.12 29,912 0.16  0.16

CV 15.6% 25.7% 20.9% 72.2%

' Incomplete year; sampling began in April 2002.
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Table 6a. Fall Chinook fry-equivalent producéistimates, lower and upper 90% confidence inter¢@l3, estimates of adults
upstream of RBDD (Adult Estimate), estimated fertmlmale sex ratios, estimated females, estimateseaidle fecundity,
calculated juveniles per estimated female (recrpi¢s female) and egg-to-fry survival estimates ByForood year (BY) for Chinook
sampled at RBDD rotary traps between December 20@PSeptember 2013.

FRY EQ Lower Upper Adult Sex Ratio Estimated Recruits per

BY Passage 90% CI 90% Cl  Estimate (F: M} Females Fecundity Female ETF
2002 18,683,720 1,216,244 51,024,926 458,772 0.46 0.54 211,035 5,407 89 1.6%
2003 30,624,209 10,162,712 55,109,506 140,724 0.57 0.44 79,509 5,407 385 7.1%
2004 18,421,457 6,224,790 33,728,746 64,276 0.48 0.52 31,045 5,407 593  11.0%
2005 22,739,315 4,235,720 49,182,045 80,294 0.47 0.53 37,738 5,407 603 11.1%
2006 20,276,322 8,670,090 32,604,760 78,692 0.54 0.46 42,730 5,407 475 8.8%
2007 13,907,856 7,041,759 20,838,463 31,592 0.54 0.46 16,996 5,407 818 15.1%
2008 10,817,397 5,117,059 16,517,847 36,104 0.46 0.54 16,644 5,407 650 12.0%
2009 9,674,829 3,678,373 15,723,368 12,908 0.51 0.49 6,531 5,407 1,481 27.4%
2010 10,620,144 5,637,617 15,895,197 29,321 0.24 0.76 7,008 5,407 1,515 28.0%
2011 7,554,574 4,171,332 10,960,125 31,931 0.29 0.71 9,260 5,407 816 15.1%
2012 26,567,379 17,219,525 36,197,837 65,664 0.50 0.50 32,635 5,407 814 151%
Mean 17,262,473 6,670,475 30,707,529 93,662 0.46 0.54 44,648 749  13.9%

CVv 43.2% 64.0% 51.7% 134.7% 132.4% 57.2% 57.2%

" Sex ratios based on RBDD fish ladder data bet@@@a and 2007 and CNFH data between 2008 and 204&age, in italics, input for 2002 due to lack
of available data.
2 Female fecundity estimates based on average vdtoes CNFH fall Chinook spawning data collectedéeh 2008 and 2012.
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Table 6b. Late-fall Chinook fry-equivalent piihin estimates, lower and upper 90% confidencerividés (Cl), estimates of adults
upstream of RBDD (Adult Estimate), estimated fertmlmale sex ratios, estimated females, estimateseaidle fecundity,
calculated juveniles per estimated female, and emdry survival estimates (ETF) by brood year (&YJHinook sampled at RBDD
rotary traps between April 2002 and March 2013.

FRY EQ Lower Upper Adult Sex Ratio Estimated Recruits per
BY Passage 90% CI 90% CI Estimate (F: Mj Females Fecundity Female ETF

2002 4,041,505 1,063,720 7,808,619 36,220 0.46 0.54 16,661 4,662 243  52%
2003 451,230 133,225 1,067,819 5,513 0.46 0.54 2,536 4,662 178  3.8%
2004 233,106 124,245 342,837 8,924 0.46 0.54 4,105 4,662 57 1.2%
2005 209,066 70,548 441,133 9,610 0.46 0.54 4,421 4,662 47 1.0%
2006 582,956 186,984 1,086,699 7,770 0.46 0.54 3,574 4,662 163  3.5%
2007 809,272 426,272 1,192,625 13,939 0.46 0.54 6,412 4,662 126 2.7%
2008 149,049 80,500 218,597 3,747 0.46 0.54 1,724 4,662 86 1.9%
2009 353,003 159,726 546,546 3,792 0.46 0.54 1,744 4,662 202 4.3%
2010 232,279 89,343 376,286 3,961 0.46 0.54 1,822 4,662 127 2.7%
2011 116,188 38,688 194,400 3,777 0.46 0.54 1,737 4,662 67 1.4%
2012 191,672 69,229 325,189 2,931 0.46 0.54 1,348 4,662 142 3.0%
Mean 669,939 222,044 1,236,432 9,108 4,190 131 2.8%

CcV 169.8% 134.4% 178.7% 105.5% 105.5% 48.1% 48.1%

" Sex ratio value of (0.46:0.54) is equivalent ®dfierage ratio for fall Chinook between 2003 a@ii2used in Table 6a.
2 Female fecundity estimates based on average vdtoes CNFH late-fall Chinook spawning data coltebtween 2008 and 2012.
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Table 6¢c. Winter Chinook fry-equivalent produrctestimates, lower and upper 90% confidence iraés(Cl), estimates of adults
upstream of RBDD (Adult Estimate), estimated fertmlmale sex ratios, estimated females, estimateseaidle fecundity,
calculated juveniles per estimated female (recrpiés female) and egg-to-fry survival estimates {ByForood year (BY) for Chinook
sampled at RBDD rotary traps between July 2002Jané 2013.

FRY EQ Lower Upper Adult Sex Ratio Estimated Recruits per

BY Passage 90% ClI 90% Cl  Estimate (F: MJ Females Fecundity Female ETF
2002 7,635,469 2,811,132 13,144,325 7337 077 0.23 5,670 4,923 1,347 27.4%
2003 5,781,519 3,525,098 8,073,129 8133 0.64 0.36 5,179 4,854 1,116 23.0%
2004 3,677,989 2,129,297 5,232,037 8635 0.37 0.63 3,185 5,515 1,155 20.9%
2005 8,943,194 4,791,726 13,277,637 15730 0.56 0.44 8,807 5,500 1,015 18.5%
2006 7,298,838 4,150,323 10,453,765 17205 0.50 0.50 8,626 5,484 846 15.4%
2007 1,637,804 1,062,780 2,218,745 2488  0.61 0.39 1,517 5112 1,080 21.1%
2008 1,371,739 858,933 1,885,141 2850  0.51 0.49 1,443 5,424 951 17.5%
2009 4,972,954 2,790,092 7,160,098 4537  0.60 0.40 2,702 5,519 1,840 33.3%
2010 1,572,628 969,016 2,181,572 1533 053 047 813 5,161 1,934 37.5%
2011 996,621 671,779 1,321,708 824 0.51 0.49 424 4,832 2,351 48.6%
2012 1,789,259 1,157,240 2,421,277 2581 0.58 042 1,491 4,518 1,200 26.6%
Mean 4,152,547 2,265,220 6,124,494 6,532 056 0.44 3,623 5,167 1,349 26.4%
CV 70.1% 64.0% 74.9% 85.7% 17.9% 22.9% 83.4% 6.7% 35.5% 37.9%

T Annual sex ratio values based on annual carcagsysastimates of female recoveries.
2 Female fecundity estimates based on annual vatees LSNFH winter Chinook spawning data collectédiden 2002 and 2012.
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Table 6d. Spring Chinook fry-equivalent produmcéstimates, lower and upper 90% confidence ird&s(Cl), estimates of adults
upstream of RBDD (Adult Estimate), estimated fertmlmale sex ratios, estimated females, estimateseaidle fecundity,
calculated juveniles per estimated female (recrpiés female) and egg-to-fry survival estimates {ByForood year (BY) for Chinook
sampled at RBDD rotary traps between October 16220 September 30, 2013.

FRY EQ Lower Upper Adult Sex Ratio Estimated Recruits per
BY Passage 90% CI 90% Cl  Estimate (F: MJ Females Fecundity Female ETF

2002 360,352 142,134 657,043 608 0.46 0.54 280 5,078 1,288 25.4%
2003 714,086 293,095 1,187,827 319 046 0.54 147 5,078 4,866 95.8%
2004 624,079 255,886 1,029,162 575 0.46 0.54 265 5,078 2,359 46.5%
2005 747,026 146,488 1,695,236 189 0.46 0.54 87 5,078 8,592 169.2%
2006 594,511 328,845 860,757 353 0.46 0.54 162 5,078 3,661 721%
2007 392,451 242,563 544,184 767 0.46 0.54 353 5,078 1,112 21.9%
2008 251,795 96,737 406,863 305 0.46 0.54 140 5,078 1,795 35.3%
2009 591,549 238,710 945,904 314 046 0.54 144 5,078 4,095 80.7%
2010 207,793 80,320 344,475 208 0.46 0.54 96 5,078 2172  42.8%
2011 251,444 130,051 382,077 167 0.46 0.54 77 5,078 3,273 64.5%
2012 451,705 238,187 665,825 868 0.46 0.54 399 5,078 1,131  22.3%
Mean 471,527 199,365 792,668 425 195 3,122  61.5%

CcVv 40.9% 41.7% 51.5% 56.8% 56.8% 70.8% 70.8%

T Sex ratio value of (0.46:0.54) is equivalent ®@adfverage ratio for fall Chinook between 2003 a@@i2used in Table 6a.
2 Female fecundity estimates based on average dewifall, and late-fall hatchery data provided B)}FH and LSNFH; Table 6a-6c above.
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Table 7. Green Sturgeon annual capture, catchupi volume (CPUV) and total
length summaries for sturgeon captured by RBDDryoti@ps between calendar year
(CY) 2002 and 2012.

CPUV Min TL Max TL Mean Median

CY Captures fish/ac-ft (mm) (mm) (mm) (mm)
2002 35 0.3 23 52 28.8 27.5
2003 360 1.9 22 188 27.8 27
2004 266 1.0 21 58 30.5 29
2005 271 1.1 24 65 28.9 27
2006 193 0.8 21 79 30.5 28
2007 19 0.1 25 49 29.6 27
2008 0 0.0 - - - -
2009 32 0.2 24 47 28.0 26
2010 70 0.5 20 36 271 27
2011 3701 20.1 18 86 274 27
2012 288 1.4 21 41 27.2 27

Ave 475.9 25 21.9 70.1 28.6 27.3
SD 1077 .4 5.9 2.1 44 4 1.3 0.8

CV  2264% 236.3% 9.7% 63.3% 4.5% 2.9%
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Table 8a. Unidentified Lamprey ammocoetes anoapture, catch per unit volume
(CPUV) and total length summaries for ammocoetgdurad by RBDD rotary traps
between water year (WY) 2003 and 2013.

CPUV Min TL Max TL Mean Median
WYy Captures Fish/ac-ft (mm) (mm) (mm) (mm)

2003 908 7.30 14 144 98 100
2004 925 6.80 27 191 105 108
2005 1415 11.65 22 159 104 108
2006 657 4.45 52 186 112 115
2007 556 5.16 29 155 105 111
2008 385 3.64 41 146 101 108
2009 593 5.53 41 150 106 112
2010 935 11.45 45 166 111 114
2011 859 7.07 30 186 111 117
2012 455 5.11 27 155 100 104
2013 632 6.45 25 160 103 107
Mean 756.4 6.8 32.1 163.5 105.1 109.5

SD 291.3 2.6 11.3 16.8 4.7 5.0

cVv 38.5% 38.5% 35.1% 10.3% 4.5% 4.6%

Table 8b. Pacific Lamprey macrothalmia and auiual capture, catch per unit
volume (CPUV) and total length summaries for mdatvhia captured by RBDD rotary
traps between water year (WY) 2003 and 2013.

CPUV Min TL Max TL Mean Median

WY Captures Fish/ac-ft  (mm) (mm) (mm) (mm)
2003 204 2.16 100 693 261 131
2004 478 3.91 96 630 149 125
2005 4645 45.00 72 665 137 126
2006 417 5.62 98 700 136 125
2007 3107 34.08 96 660 150 128
2008 5252 40.29 78 580 139 128
2009 2938 81.24 91 834 132 124
2010 699 32.30 80 819 136 125
2011 2747 68.18 92 620 140 129
2012 3464 112.76 86 500 136 127
2013 1734 25.63 88 617 131 127

Mean 2335.0 41.0 88.8 665.3 149.7 126.8
SD 1759.4 34.7 9.0 97.1 37.3 21
cv 75.3% 84.5% 10.2% 14.6% 24.9% 1.6%
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Table 9a. Summary of fall Chinook abiotic sammielitions at RBDD rotary traps during dates of aapby brood year (BY).

Dates of Capture H,0 TemperatureF) Discharge (CFS) Turbidity (NTU)

BY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2002 4-Dec 30-Aug 269 47 61 55 6,390 86,500 17,471 0.5 240.2 19.6
2003 9-Dec 15-Aug 250 46 62 55 7,380 92,800 18,707 2.0 413.5 21.8
2004 8-Dec 29-Aug 264 46 63 56 5,390 76,200 13,315 1.9 626.5 24.6
2005 3-Dec 29-Aug 269 47 61 53 6,450 118,000 27,279 1.6 731.7 225
2006 10-Dec 26-Aug 259 46 62 55 6,030 45,400 10,628 1.6 90.0 8.0
2007 7-Dec 2-Sep 270 44 62 55 5,210 44,600 10,127 1.5 233.3 11.1
2008 5-Dec 4-Sep 273 45 64 56 4,160 33,000 9,297 2.1 129.8 12.0
2009 10-Dec 21-Aug 254 45 61 54 5,260 95,100 17,531 1.3 162.6 10.3
2010 7-Dec 29-Aug 265 45 61 54 5,260 95,100 17,331 1.3 162.6 10.2
2011 10-Dec 2-Sep 267 45 65 55 4,800 35,200 10,281 1.4 180.6 8.8
2012 2-Dec 23-Aug 264 44 64 56 5,330 70,400 11,323 1.5 315.5 9.9

Mean 7-Dec 27-Aug 264 45 62 55 5,605 72,027 14,844 1.5 298.7 14.4
SD 7 1.1 1.4 0.8 890 28,600 5,442 0.4 209.6 6.3
cv 3% 2% 2% 1% 16% 40% 37%  28% 70% 44%
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Table 9b. Summary of late-fall Chinook abioticglamonditions at RBDD rotary traps during datesagiture by brood year (BY).

Dates of Capture H,0 TemperatureF) Discharge (CFS) Turbidity (NTU)

BY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2002 19-Apr 14-Jan 270 47 62 57 6,176 86,500 12,981 0.4 59.7 11.3
2003 3-Apr 6-Mar 338 46 61 55 6,310 92,800 16,650 0.9 413.5 20.9
2004 2-Apr 21-Jan 294 46 62 57 5,170 57,000 10,983 1.4 470.0 8.0
2005 2-Apr 22-Jan 295 48 63 57 6,050 118,000 17,431 1.6 731.7 244
2006 1-Apr 13-Jan 287 46 61 55 6,610 80,900 15,374 2.0 178.0 8.8
2007 4-Apr 9-Jan 280 46 62 57 5,490 38,600 10,035 1.3 198.0 5.7
2008 2-Apr 2-Mar 334 45 64 56 4,160 33,000 8,775 1.5 129.8 6.9
2009 3-Apr 1-Mar 332 46 64 57 3,920 60,400 9,855 1.9 250.6 14.2
2010 1-Apr 12-Jan 286 47 62 56 5,900 50,600 11,831 11 220.3 7.3
2011 1-Apr 27-Jan 301 45 61 55 5,570 57,400 11,888 2.0 68.5 55
2012 2-Apr 11-Jan 284 46 62 56 5,536 67,520 12,580 1.4 272.0 11.3

Mean 4-Apr 29-Jan 300 46 62 56 5,536 67,520 12,580 1.4 272.0 11.3
SD 24 0.9 1.0 0.7 849 25,109 2,829 0.5 198.7 6.2
cv 8% 2% 2% 1% 15% 37% 22%  34% 73% 55%
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Table 9c. Summary of winter Chinook abiotic samplelitions at RBDD rotary traps during dates pfwa by brood year (BY).

Dates of Capture H,0 TemperatureF) Discharge (CFS) Turbidity (NTU)

BY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2002 4-Jul 8-Apr 278 47 61 55 6,176 86,500 14,081 0.4 240.2 135
2003 16-Jul 17-Mar 245 46 61 54 6,310 92,800 16,809 0.9 413.5 22.8
2004 22-Jul 25-Mar 246 46 62 55 5,170 57,000 9,817 1.4 470.0 12.1
2005 25-Jul 17-Feb 207 48 61 55 6,450 118,000 19,174 1.6 731.7 19.7
2006 16-Jul 10-Mar 237 46 59 54 6,030 45,400 9,788 1.6 90.0 7.2
2007 18-Jul 4-Apr 261 44 62 54 5,210 44,600 9,318 1.3 233.3 11.3
2008 30-Jul 24-Apr 268 45 64 55 4,160 33,000 7,647 1.5 129.8 8.2
2009 26-Jul 30-Mar 247 46 64 55 3,920 60,400 9,303 1.9 250.6 15.0
2010 18-Jul 7-Apr 263 45 61 54 5,260 95,100 14,941 11 162.6 8.6
2011 12-Aug 31-Mar 232 45 60 53 4,800 35,200 8,646 1.7 180.6 7.0
2012 23-Jul 19-Apr 270 46 61 55 5,349 66,800 11,952 1.3 290.2 12.5
Mean 22-Jul 28-Mar 250 46 61 55 5,349 66,800 11,952 1.3 290.2 12.5

SD 20 1.1 1.5 0.8 843 27,776 3,767 0.4 185.4 5.1
cv 8% 2% 2% 1% 16% 42% 32%  31% 64% 41%
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Table 9d. Summary of spring Chinook abiotic samphelitions at RBDD rotary traps during dates ptwa by brood year (BY).

Dates of Capture H,0 TemperatureF) Discharge (CFS) Turbidity (NTU)

BY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2002 16-Oct  29-May 225 47 61 54 6,176 86,500 16,877 0.4 240.2 19.1
2003 16-Oct 11-Jun 239 46 62 54 6,310 92,800 17,267 0.9 413.5 23.0
2004 16-Oct 3-Jun 230 46 63 54 5,170 76,200 11,612 1.4 626.5 27.6
2005 16-Oct 3-Jun 230 47 61 52 6,450 118,000 28,158 1.6 731.7 25.3
2006 16-Oct  26-May 222 46 62 53 6,030 45,400 8,630 1.6 90.0 8.3
2007 16-Oct 12-Jun 240 44 61 53 5,210 44,600 8,823 1.3 233.3 1.4
2008 16-Oct 7-Jun 234 45 64 54 4,160 33,000 7,841 1.7 129.8 10.1
2009 16-Oct  25-May 221 46 62 54 3,920 60,400 9,495 1.9 250.6 17.1
2010 16-Oct 12-Jun 239 45 61 53 5,260 95,100 16,656 1.3 162.6 9.9
2011 16-Oct  27-May 224 45 65 53 4,800 35,200 8,344 1.7 180.6 8.8
2012 16-Oct 23-Jun 250 46 62 53 5,349 68,720 13,370 1.4 305.9 16.0
Mean 16-Oct 4-Jun 232 46 62 53 5,349 68,720 13,370 1.4 305.9 16.0
SD 9 1.0 1.4 0.6 843 27,696 6,116 0.4 205.5 7.0
cv 4% 2% 2% 1% 16% 40% 46%  30% 67% 43%
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Table 9e. Summary 6f mykiss abiotic sample conditions at RBDD rotary trapsrdudates of capture by calendar year (CY).

Dates of Capture

H,0 TemperatureF)

Discharge (CFS)

Turbidity (NTU)

CY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2002 - - - - - - - - - - - -
2003 19-Jan 30-Dec 345 46 61 56 6,310 56,800 13,677 0.9 240.2 16.4
2004 6-Jan 17-Dec 346 46 62 56 5,170 92,800 14,613 1.4 413.5 9.3
2005 1-Jan 29-Dec 362 46 63 56 5,890 94,700 12,661 1.6 626.5 20.1
2006 3-Jan 30-Dec 361 47 61 54 6,610 82,900 20,803 2.0 190.5 11.4
2007 16-Jan 27-Dec 345 46 62 56 5,510 45,400 9,596 1.3 74.5 6.4
2008 6-Jan 28-Dec 357 44 64 56 4,610 44,600 9,478 1.5 233.3 9.0
2009 12-Jan 25-Dec 347 45 64 57 4,020 33,000 8,775 1.9 129.8 10.3
2010 15-Jan 12-Dec 331 47 62 56 5,150 60,400 11,194 1.1 250.6 12.4
2011 1-Jan 30-Dec 363 45 61 55 5,260 95,100 13,833 1.3 162.6 7.2
2012 17-Jan 14-Dec 332 45 65 56 4,800 70,400 10,557 1.2 315.5 11.0
Mean 10-Jan 23-Dec 349 46 63 56 5,333 67,610 12,519 1.4 263.7 1.4

SD 12 0.9 1.3 0.8 783 22,986 3,551 0.3 159.1 4.1
CcVv 3% 2% 2% 1% 15% 34% 28%  24% 60% 37%

T
Sampling did not begin until mid-April of 2002 ahis year not included in analyses.

75



Table 9f. Summary of Green Sturgeon abiotic sammielitions at RBDD rotary traps during dates ptwae by calendar year (CY).

Dates of Capture H,0 TemperatureF) Discharge (CFS) Turbidity (NTU)

CY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2002 7-May 16-Jul 70 55 60 58 9,317 15,680 13,038 0.9 16.3 3.5
2003 13-Jun 11-Nov 151 52 61 58 6,950 16,000 10,802 0.9 48.6 6.5
2004 4-May 29-Jul 86 55 60 58 9,560 16,700 14,210 3.0 18.3 4.9
2005 7-May 13-Aug 98 54 61 58 10,200 76,200 18,614 2.3 626.5 26.4
2006 10-Jun 25-Aug 76 56 59 57 12,800 15,600 14,579 34 13.9 5.7
2007 11-May 24-Jul 74 55 61 58 9,790 17,000 12,905 1.7 50.4 4.5
2008 - - 0 - - - - - - - - -
2009 11-May 16-Jul 66 58 64 61 9,460 13,700 11,226 41 34.4 13.5
2010 26-May 29-Aug 95 55 61 58 9,150 18,300 13,143 1.6 22.0 54
2011 16-May 27-Aug 103 52 61 58 10,400 24,800 14,059 3.6 235 6.8
2012 1-May 26-Jun 56 55 61 58 8,763 21,398 12,258 2.2 85.4 7.7
Mean 17-May 12-Aug 88 55 61 58 9,639 23,538 13,483 24 93.9 8.5
SD 27 1.7 1.2 0.9 1,464 18,782 2,181 1.1 188.4 6.9
CcvVv 31% 3% 2% 2% 15% 80% 16%  47% 201% 81%
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Table 9g. Summary of Lampmspp. abiotic sample conditions at RBDD rotary trapsrdudates of capture by water year (WY).

Dates of Capture H,0 Temperature ) Discharge (CFS) Turbidity (NTU)

WY Initial Final Days Min  Max Ave Min Max Ave Min Max Ave
2003 1-Oct 27-Sep 361 47 61 56 6,176 86,500 15,033 04 240.2 151
2004 1-Oct 29-Sep 364 46 62 55 6,310 92,800 15,528 0.9 4135 16.3
2005 2-Oct 29-Sep 362 46 63 56 5,170 76,200 11,800 1.4 6265 18.6
2006 1-Oct 29-Sep 363 47 61 54 6,450 118,000 22,724 1.6 7317 179
2007 1-Oct 29-Sep 363 46 62 55 6,030 45,400 9,832 1.6 90.0 7.3
2008 1-Oct 29-Sep 364 44 63 56 5,210 44,600 9,342 1.3 233.3 8.8
2009 1-Oct 29-Sep 363 45 64 57 4,160 33,000 8,791 1.6 1298 105
2010 1-Oct 30-Sep 364 46 62 56 3,920 60,400 10,241 1.1 2506 121
2011 3-Oct 30-Sep 362 45 61 55 5,260 95,100 15,022 1.3 162.6 8.4
2012 3-Oct 27-Sep 360 45 65 55 4,800 35,200 9,753 1.2 180.6 7.1
2013 5-Oct 28-Sep 358 44 64 56 5,330 70,400 10,479 1.1 315.5 8.5
Mean 2-Oct 29-Sep 362 46 63 56 5,347 68,873 12,595 1.2 306.8 11.9
SD 2 11 1.3 0.7 843 27,701 4177 0.3 205.5 4.4
CcVv 1% 2% 2% 1% 16% 40% 33%  29% 67%  37%
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Figure 1.Location of Red Bluff Diversion Dam rotary trap glensite on the
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Figure 2. Rotary-screw trap sampling transecteat Bluff Diversion Dam Site (RM 243) on the Saanémieiver, California.
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Trap Efficiency Model at RBDD
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Figure 3. Trap efficiency model for combined &idmeter rotary traps at Red Bluff Diversion D@ 243), Sacramento River,

CA. Mark-recapture trialdl= 142) were used to estimate trap efficienciesstéyram indicates percentage of time traps sampled
various levels (half percent bins) of river disgfeabetween April 2002 and September 2013.
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BY 2002-2012 Fall Chinook Capture Fork Length Summaries
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Figure 4. Fall Chinook fork length (a) captuopertions, (b) cumulative capture size
curve, and (c) average weekly median boxplotsdbdrGhinook sampled by rotary traps
at RBDD between December 2002 and September 2013.
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BY 2002- 2012 Late-Fall Chinook Capture Fork Length Summaries
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Figure 5. Late-fall Chinook fork length (a) eepproportions, (b) cumulative capture
size curve, and (c) average weekly median boxpbotate-fall Chinook sampled by
rotary traps at RBDD between April 2002 and Mar@h32
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BY 2002-2012 Winter Chinook Capture Fork Length Summaries
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Figure 6. Winter Chinook fork length (a) captoreportions, (b) cumulative capture
size curve, and (c) average weekly median boxfidotainter Chinook sampled by
rotary traps at RBDD between July 2002 and Jun8&.201
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BY 2002- 2012 Spring Chinook Capture Fork Length Summaries
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Figure 7. Spring Chinook fork length (a) captuogportions, (b) cumulative capture
size curve, and (c) average weekly median boxjidotspring Chinook sampled by
rotary traps at RBDD between October 2002 and Sepér 2013.
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CY 2002-2012 O.mykiss Capture Fork Length Summaries
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Figure 8.0. mykiss fork length (a) capture proportions, (b) cumulatisapture size
curve, and (c) average weekly median boxplotfanykiss sampled by rotary traps at
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regression equation.
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Fall Chinook Annual Passage Trend
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Figure 10. RBDD rotary trap fall Chinook ansarabple effort and passage estimates with 90% cenfie intervals (Cl) for the
period December 2002 through September 2013

88



Fall Chinook Temporal Patterns of Abundance
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Figure 11. RBDD rotary trap fall Chinook (aplbtxof weekly passage estimates relative to arihotal passage estimates and (b)
cumulative weekly passage with 11-year mean passage line for the period December 2002 througtptenber 2013.
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Late-fall Chinook Annual Passage Trend
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Figure 12. RBDD rotary trap late-fall Chinoaluahsample effort and passage estimates with 96f6idence intervals (Cl) for the
period April 2002 through March 2013.
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Late-fall Chinook Temporal Patterns of Abundance
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Figure 13. RBDD rotary trap late-fall Chinopbd¢aplots of weekly passage estimates relativartoual total passage estimates
and (b) cumulative weekly passage with 11-year messsage trend line for the period April 2002 thgbuMarch 2013.
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Winter Chinook Annual Passage Trend
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Figure 14. RBDD rotary trap winter Chinook ahsamnple effort and passage estimates with 90%idente intervals (Cl) for the
period July 2002 through June 2013.
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Winter Chinook Temporal Patterns of Abundance
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Figure 15. RBDD rotary trap winter Chinook ¢aplots of weekly passage estimates relative touairiotal passage estimates
and (b) cumulative weekly passage with 11-year meassage trend line for the period July 2002 thtougne 2013.
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Spring Chinook Annual Passage Trend
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Figure 16. RBDD rotary trap spring Chinook arsaraple effort and passage estimates with 90% cenfie intervals (Cl) for the
period October 2002 through September 2013.
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Spring Chinook Temporal Patterns of Abundance
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Figure 17. RBDD rotary trap spring Chinookd®)lbts of weekly passage estimates relative touairotal passage estimates and
(b) cumulative weekly passage with 11-year mearsags trend line for the period October 2002 througgptember 2013.
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O. mykiss Annual Passage Trend
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Figure 18. RBDD rotary tr@pmykiss annual sample effort and passage estimates withh @®nfidence intervals (Cl) for the period
April 2002 through December 2012.
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O. mykiss Temporal Patterns of Abundance
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Figure 19. RBDD rotary tr@pmykiss (a) boxplots of weekly passage estimates reldtvennual total passage estimates and (b)
cumulative weekly passage with 11-year mean pasteage line for the period April 2002 through Dedsen 2012.
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Green Sturgeon Total Length Boxplots
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Figure 21. Green sturgeon a) annual total lengfstere boxplots, b) annual cumulative capture trend¢h 10-year mean trend
line, and c) relative abundance indices. Alldeghtured by rotary trap at RBDD (RM 243) on thedd@Gacramento River, CA
between 2003 and 2012. Data from 2002 excludedhfemalysis due to limited effort and USBR Croww Elody resulting in
incomparable sampling regimes and results.
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Lamprey Ammocoetes Total Length Boxplots
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Figure 22. Unidentified lamprey ammocoetes a)ltagth distribution box plots, b) cumulative anhgapture trends, and c)
relative abundance indices from rotary trap sampteiected between October 1, 2002 and September28d 3 by water year from
the Sacramento River, CA at the RBDD (RM 243).

100



Pacific Lamprey Total Length Boxplots
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Figure 23. Pacific Lamprey (macropthalmia andtsida) total length distribution box plots, b)raulative annual capture trends,
and c) relative abundance indices from rotary tsgnples collected between October 1, 2002 and Sepé&er80, 2013 by water
year from the Sacramento River, CA at the RBDD &) 2
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Green Sturgeon Relative Abundance Environmental Covariate Analyses
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Figure 24. Regression analysis results of ndtuggLn) Green Sturgeon catch per unit volume&J{QRand a) full moon
illuminosity, b) mean daily turbidity, c) peak dallgcharge and d) maximum daily temperatures at RBBD fish captured by
rotary trap at RBDD (RM 243) on the Upper SacramBiner, CA between 2003 and 2012. Data from 286@i@ed from analysis
due to limited effort and USBR Crown Flow studyltesy in incomparable sampling regimes and results
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Lamprey Relative Abundance Environmental Covariate Analyses

Full Moon llluminosity

Natural Log of Mean Daily Turbidity

6
r?=0.007 df =2001 P <0.001 r’=0.165 df = 1998 P <0.001
.

= 41 41 .
£ =
: :
> 1 >
>
o E 0
O ]
5 5

2

-4

-6

-4
6 Peak Daily Discharge (cfs) 6 Max Daily Water Temperature (F)
?=0.059 df=2001 P <0.001 ?=0.103 df =2000 P <0.001

e e
£ 5
= e
3 3
e [
[3) (@]
5 5

10000

20000 30000 40000
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Fall Chinook Origin Comparison
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Fall Chinook

Table A1. Summary of RBDD rotary trap annualtefidr Chinook fry (<46 mm FL)
passage estimates and lower and upper 90% confelértervals (Cl), by brood year for
the period December 2002 through September 2013.

Estimated Fry

Brood Year Effort Passage Low 90% CI Up 90% CI
2002 0.76 14,687,984 348,386 42,027,818
2003 0.81 23,612,094 6,953,966 44,283,689
2004 0.85 7,946,496 3,449,094 12,447,378
2005 0.56 11,740,225 2,452,034 24,687,255
2006 0.90 10,152,406 3,458,524 17,567,355
2007 0.88 9,594,099 4,834,813 14,353,810
2008 0.79 6,684,332 3,335,617 10,033,164
2009 0.84 6,900,302 2,190,210 11,662,489
2010 0.75 6,302,961 3,432,017 9,502,694
2011 0.87 4,437,956 2,380,436 6,498,878
2012 0.85 21,375,192 14,332,396 28,700,826

Table A2. Summary of RBDD rotary trap annuaiteféll Chinook pre-smolt/smolt
(>45 mm FL) passage estimates and lower and ugperé&nfidence intervals (Cl), by
brood year for the period December 2002 through t8egber 2013,

Estimated
Brood Year Effort Smolt Passage Low 90% CI  Up 90% CI
2002 0.76 2,350,433 505,837 5,318,021
2003 0.81 4,124,773 1,879,521 6,393,281
2004 0.85 6,161,742 1,626,946 12,527,167
2005 0.56 6,470,030 1,041,939 14,426,210
2006 0.90 5,955,245 3,056,683 8,855,302
2007 0.88 2,537,504 1,291,848 3,821,912
2008 0.79 2,431,215 1,034,851 3,827,754
2009 0.84 1,632,074 868,002 2,396,298
2010 0.75 2,539,519 1,288,830 3,850,851
2011 0.87 1,833,305 1,029,403 2,637,509
2012 0.85 3,054,227 1,692,494 4,416,322
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Late-Fall Chinook

Table A3. Summary of RBDD rotary trap annualteftde-fall Chinook fry (<46 mm
FL) passage estimates and lower and upper 90%deode intervals (Cl), by brood year
for the period April 2002 through March 2013.

Estimated Fry

Brood Year Effort Passage Low 90% CI Up 90% CI
2002 0.57 442,393 84,832 901,368
2003 0.76 196,271 4,562 683,458
2004 0.88 24,382 8,802 40,591
2005 0.73 50,274 5,723 175,598
2006 0.70 284,999 41,006 634,496
2007 0.90 144,688 54,397 235,201
2008 0.89 10,489 4,347 17,813
2009 0.72 29,568 13,126 46,360
2010 0.86 113,667 26,705 200,935
2011 0.77 69,686 18,487 120,996
2012 0.89 67,479 9,925 136,431

Table A4. Summary of RBDD rotary trap annuaittefate-fall Chinook pre-
smolt/smolt (>45 mm FL) passage estimates and lamerupper 90% confidence
intervals (Cl), by brood year for the period ABAD2 through March 2013.

Estimated
Brood Year Effort Smolt Passage Low 90% CI  Up 90% CI
2002 0.57 2,117,122 569,453 4,093,545
2003 0.76 149,976 72,089 230,841
2004 0.88 122,779 64,498 181,783
2005 0.73 93,407 35,067 160,738
2006 0.70 175,269 82,005 273,572
2007 0.90 390,932 213,642 568,595
2008 0.89 81,506 41,983 121,166
2009 0.72 190,256 83,201 297,652
2010 0.86 69,771 33,929 106,575
2011 0.77 27,354 9,535 45,914
2012 0.89 73,055 32,567 113,633
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Winter Chinook

Table A5. Summary of RBDD rotary trap annualteffanter Chinook fry (<46 mm FL)
passage estimates and lower and upper 90% confelértervals (Cl), by brood year for
the period July 2002 through June 2013.

Estimated Fry

Brood Year Effort Passage Low 90% CI Up 90% CI
2002 0.64 6,381,286 2,156,758 11,217,962
2003 0.81 4,420,296 2,743,637 6,096,955
2004 0.84 3,087,102 1,812,619 4,361,584
2005 0.64 7,533,380 4,225,130 10,841,630
2006 0.83 5,813,140 3,307,323 8,318,957
2007 0.89 1,158,791 744,804 1,572,817
2008 0.87 1,063,919 662,381 1,465,748
2009 0.75 3,687,134 2,076,422 5,098,125
2010 0.81 875,049 603,549 1,146,644
2011 0.82 638,056 441,983 834,289
2012 0.89 722,048 545,751 898,345

Table A6. Summary of RBDD rotary trap annualteffanter Chinook pre-smolt/smolt
(>45 mm FL) passage estimates and lower and ugiferé@nfidence intervals (Cl), by
brood year for the period July 2002 through Juné20

Estimated
Brood Year Effort Smolt Passage Low 90% CI  Up 90% ClI
2002 0.64 737,755 373,538 1,149,079
2003 0.81 800,719 453,256 1,169,559
2004 0.84 347,581 179,502 519,265
2005 0.64 829,302 324,860 1,442,763
2006 0.83 873,940 487,244 1,264,701
2007 0.89 281,773 180,254 387,123
2008 0.87 181,071 110,592 252,089
2009 0.75 815,188 410,512 1,222,586
2010 0.81 410,341 210,252 613,810
2011 0.82 210,920 130,861 291,312
2012 0.89 627,771 354,764 900,897
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Spring Chinook

Table A7. Summary of RBDD rotary trap annualte8pring Chinook fry (<46 mm FL)
passage estimates and lower and upper 90% confelértervals (Cl), by brood year for
the period October 2002 through September 2013.

Estimated Fry

Brood Year Effort Passage Low 90% CI Up 90% CI
2002 0.75 159,084 67,900 255,023
2003 0.81 502,386 189,371 857,899
2004 0.85 155,053 59,655 250,451
2005 0.57 427,719 111,396 925,898
2006 0.89 174,186 114,642 233,907
2007 0.89 336,714 212,765 460,712
2008 0.85 40,213 26,016 54,448
2009 0.79 219,627 91,683 347,845
2010 0.77 89,213 39,829 138,597
2011 0.86 88,355 63,469 113,274
2012 0.86 134,028 82,843 185,271

Table A8. Summary of RBDD rotary trap annualte8pring Chinook pre-smolt/smolt
(>45 mm FL) passage estimates and lower and ugiferé@nfidence intervals (Cl), by
brood year for the period October 2002 through Sapber 2013

Estimated
Brood Year Effort Smolt Passage Low 90% CI  Up 90% ClI
2002 0.75 118,393 43,022 239,870
2003 0.81 124,529 59,434 197,777
2004 0.85 275,898 113,564 460,990
2005 0.57 187,828 19,676 460,441
2006 0.89 247,250 123,621 371,968
2007 0.89 32,787 15,894 51,271
2008 0.85 124,460 40,130 208,954
2009 0.79 218,778 83,930 354,607
2010 0.77 69,753 21,938 123,577
2011 0.86 95,935 37,782 159,702

2012 0.86 186,869 89,566 284,936
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Table A9. River Lamprépmpetra ayresiannual capture, catch per unit volume
(CPUV) and total length summaries for River Lampagyured by RBDD rotary traps
between water year (WY) 2003 and 2013.

CPUV Min TL Max TL Mean Median

WYy Catch  Fish/ac-ft  (mm) (mm) (mm) (mm)
2003 0 0.00 - - - -
2004 1 0.01 102 102 102 -
2005 0 0.00 - - - -
2006 0 0.00 - - - -
2007 0 0.00 - - - -
2008 0 0.00 - - - -
2009 0 0.00 - - - -
2010 1 0.01 110 110 110 -
2011 26 0.23 99 151 121 121
2012 4 0.02 128 168 144 140
2013 0 0.00 - - - -
Mean 2.9 0.02 109.8 132.8 119.3 130.5

SD 7.8 0.07 13.0 31.8 18.2 13.4

CV  266.5% 279.2% 11.9% 24.0% 15.3% 10.3%

Table A10. Pacific Brook Lampiegmpetra pacifica,annual capture, catch per unit
volume (CPUV) and total length summaries for RaBifook Lamprey captured by RBDD
rotary traps between water year (WY) 2003 and 2013.

CPUV Min TL Max TL Mean Median

WY Catch  Fish/ac-ft (mm) (mm) (mm) (mm)
2003 6 0.06 98 132 116 114.5
2004 1 0.01 159 159 159 -
2005 0 0.00 - - - -
2006 0 0.00 - - - -
2007 0 0.00 - - - -
2008 0 0.00 - - - -
2009 0 0.00 - - - -
2010 1 0.02 120 120 120 120
2011 1 0.01 147 147 147 147
2012 6 0.04 112 156 138 142
2013 21 0.12 110 148 124 122
Mean 3.3 0.02 124.3 143.7 134.0 129.1

SD 6.3 0.04 23.6 14.9 16.9 14.4

CV  192.8% 159.7% 19.0% 10.4% 12.6% 11.2%
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Figure A1. Brood Year 2002 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A2. Brood Year 2003 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red BIuff Diversion Dam.
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Figure A3. Brood Year 2004 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A4. Brood Y ear 2005 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A5. Brood Year 2006 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red BIluff Diversion Dam.
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Figure A6. Brood Year 2007 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A7. Brood Y ear 2008 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A8. Brood Year 2009 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A9. Brood Year 2010 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A10. Brood Year 2011 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A11. Brood Year 2012 winter Chinook fry passage with moon illuminosity indicated by back ground shading (peak of light gray equals full
moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A12. Brood Year 2002 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A13. Brood Year 2003 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A14. Brood Year 2004 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A15. Brood Y ear 2005 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A16. Brood Year 2006 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A17. Brood Year 2007 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A18. Brood Year 2008 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A19. Brood Year 2009 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A20. Brood Year 2010 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A21. Brood Year 2011 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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Figure A22. Brood Year 2012 winter Chinook pre-smolt/smolt passage with moon illuminosity indicated by back ground shading (peak of light gray
equals full moon), mean daily water temperatures (red), and peak daily flows (blue) at Red Bluff Diversion Dam.
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